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Epidemiology of candidemia
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The diagnosis of systemic yeast infections is diffi- Candidabloodstream isolates in different countries and
cult. It is, however, usually agreed that a positive blood what is the evidence for a change in the species distribu-
culture establishes the diagnosis [1,2]. The isolation of tion in recent years?

Candidafrom blood is therefore not subject to some of ] o

the difficulties involved in defining infection as when Has the occurrence of candidemia increased?
yeast is isolated from most other body sites. Blood cultu- . . » .

res are, however, often negative in patients with systemic A number of studies have identified common risk
yeast infections [3,4]. Nevertheless, if it is assumed that factors for patients developing a systei@&ndidainfec-

the proportion of patients with systemic infection having tion [9]. Patients that are immunocompromised or
candidemia remains approximately the same over theimmunosuppressed e.g. because of immunosuppressive
years, the number of cases with candidemia serves as afherapeutic regimens or the use of new and aggressive the-
important marker of the magnitude of this problem. rapeutic strategies of life support systems are especially at

Comparison of data between different hospitals or sk [10]. These important changes in medical care have to
between different time periods in the same hospital is, Some extent occurred in all hospitals, but has probably
however, confounded by differences in blood culture met- been most marked in intensive care units (ICU), in large
hodology, in the manner in which data are collected, in tertiary care hospitals and in specialized cancer institu-
the populations of patients studied etc. Improvements intions. Most of the studies on the epidemiology of candide-
blood culture methodology may for instance have an Mia have been done in single hospitals and the majority of
important impact. This is exemplified by the finding in these hospitals are probably large, specialized hospitals.
many studies some years ago that an increase in the volu- )
me of blood cultured increase the recovery of microorga- The United States and Canadaln an early study
nisms [5,6]. Blood culture media has also been improved On bacteremia and fungemia from the Boston City
[7,8]. These changes in methodology have most certainlyHospital covering seven selected years from 1935 — 1972

increased the recovery of all microorganisms including Candidasp. was not detected in the first three years
yeasts. (1935, 1941, 1947). In the next three years (1953, 1961,

Another important pr0b|em is that the occurrence 1969) theCandidarate remained stable at 3.5% — 3.9% of

of candidemia is reported in different ways. Usually the microorganisms isolated from blood culture, but increased
total number of candidemia cases for a specific time t0 9% in the last year (1972) of the study [11]. Many insti-
period is given and sometimes also as a percentage of théutions reported an increase in the occurrence of candide-
total numbers of patients with bacteremia/fungemia. Ratesmia in the mid-1980s. Horn et al. [12] observed that the
are also reported as the total number of candidemia case#otal number of episodes of fungemia increased by 31% in
e.g. per 100,000 population, per 10,000 patient days, pefMemorial Sloan-Kettering Cancer Hospital from the
1,000 discharges or per 10,000 admissions to the hospitalPeriod 1974-1977 to 1978-1982. A study from Harper
All of these reporting methods are quite crude since manyHospital showed an increase in the annual incidence of
factors may influence the results. candidemia from 23 episodes (4.6% of the total episodes
With these reservations in mind it is nevertheless Of sepsis) in 1983 to 48 episodes (6.2% of the total) in
interesting to compare the occurrence of candidemia and1986 [13]. There also seems to have been a marked
the distribution of yeast species between hospitals andincrease at the Mayo Clinic from the period 1972-1981
between countries fo provide a broad overview of general[14] to the period 1984 — 1992 (Table 1) [15]. At the
trends and changes. This review compares a number otJniversity of lowa Hospital and Clinics bloodstream
studies from different parts of the world (Tables 1 — 3) in infections caused bZandidaspecies increased from
attempt to find an answer to the following questions: a) 2.5% in 1981- 1983 to 7.1% in 1990-1992 [16]. Fraser et
has the occurrence of candidemia increased? b) Are therél. in a one-year study at Barnes Hospital, St. Louis in

differences between countries regarding the occurrence 0f1988-1989 found that candidemia patients represented
candidemia? c) What is the species distribution of 0.33% of total patient discharges and this was a 20-fold

increase in candidemia compared to the years 1976-1979
[17].

More comprehensive data from the hospitals partici-
pating in the National Nosocomial Infections Surveillance
system (NNIS) showed a rise in the percentage of all noso-

Direccion para correspondencia: comial bloodstream infections caused by fungi from 5.4%
Department of Bacteriology, in 1980 to 9.9% in 1990 [18]. During these years the noso-
Natianial Institute of Public Health, comial fungemia rate increased from 1.0 to 4.9/10,000 dis-
N-0403 Oslo, Norway. charges. Approximately 180 hospitals in the United States
Lel. w47 22 0422 0%{?{;‘}7 22042518 participate in the NNIS system. The hospitals range in size
mall: per.sancventioieneisano from about 100 beds to more than 1,500 beds [19].
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Only one long-term study has been reported from Unexplained rapid increase in some hospitals.
Canada. This study from a 975-bed tertiary care teachingThe increase in the number of patients with candidemia
hospital covers a 21-year period from 1976 to 1996 [20]. has been quite dramatic in some institutions. In a study
For the first 15 years the percentag€ahdidabloodstre- from one hospital in Houston, Texas the annual candide-
am isolates was < 2% with the exception of one year mia rate was quite steady at approximately 50 cases in
when the percentage reached just above 3%. From 1991 4987-89, but in 1991 and 1992 the annual rate doubled to
marked increase occurred in tf@andidaaccounted for 107 episodes [32]. At the Nehru Hospital in India the can-
approximately 6% of the total number of isolates in four didemia rate was low (< 20 episodes) in 1981-1991. From
of these six years and became the fourth most commonl993 this changed rapidly: 1993 — 112 episodes, 1994 —
bloodstream isolate. 139 episodes and 1995 — 275 episodes [29,30]. The incre-

ase in candidemia cases at the National Taiwan University

Europe. Comparatively few European studies have Hospital also seems to have taken place quickly [31]. The
examined candidemia rates over a prolonged period ofreasons for such rapid changes in candidemia epidemio-
time. In one prospective study from a 1,300-bed univer- logy in some institutions are not known.
sity hospital in Berlin four 1-year studies on septicemia While it is documented that the candidemia rate
was done between 1979 and 1989 [21]. A total of 35 has increased in many large, tertiary hospitals, existing
patients (3.3% of bloodstream infections) had candidemiadocumentation is far less convincing as regards smaller,
in these four years [21]. In five Dutch university hospitals non-specialized hospitals. The NNIS study found an
the rate of yeast bloodstream infections doubled from increase in candidemia from the 1980 to 1989 of 75% in
1987 to 1995, reaching an incidence of 0.76 episodessmall nonteaching hospital and 370% in large nonteaching
(candidemia: 0.72 episodes) per 10,000 patient days [22]. hospitals [33]. It is, however, probable that the number of

A national survey from 1989 to 1998 from nonteaching hospitals that participated in this study was
Slovakia included 31 microbiological departments serving quite limited [19]. In Norway the average annual number
71 hospitals [23]. The three first years less than 10 of candidemia patients in each county hospital has remai-
Candidaepisodes were reported each year. During the ned at a steady level of 1 — 5 episodes for the years 1991 —
next four years the number increased to 22-27 episodesl999 [P. Sandven, unpublished data]. It is of course possi-
per year and in 1996, 1997 and 1998 a further increase tdle that this represents an increase from previous years,
41, 66 and 65 episodes respectively were noted. but in that case the increase is in no way dramatic.

In Norway all fungemia cases have been registered
prospectively since 1991. For the years 1991- 96 the can-Comparison of candidemia rates
didemia rate was approximately 100 per year for the
whole country [24] This rate has remained the same also It is important to determine the annual number of

for the years 1997 — 99 [P. Sandven, unpublished data] patients with bacteremia and fungemia in each hospital to
Prior to 1991 the rate seems to have been somewhamonitor significant changes over the years. Comparisons
lower. One large university hospital in Norway detected petween hospitals are, however, difficult (Table 1). Most
only 18 patients with candidemia in the five-year period studies report the number 6andidaepisode per year or
1977-1981 [25]. The average annual number of candide-for a study period. This number is, of course, highly

mia episodes at this hospital has increased from 4 in thegependent on the size and type of hospital and also on the
late seventies to 15 (range 8 — 25) in 1991-99 [P. Sandvenp|ood culture practice in each hospital.
unpublished data]. At another university hospital in In Table 1 the number of candidemia episodes per
Norway, Candidaaccounted for 1% of the microorga- year per hospital participating in each study has been cal-
nisms isolated from blood in the period 1974-1979 and culated. In approximately 2/3 of the studies the number of
2.2% (10 episodes per year) in the period 1988-1989 [26].episodes per year was20, in 15 studies 21-50, in 2 stu-
At this hospital the average number of candidemia episo-dies 51-100 and in 5 studies > 100 episodes per year. This
des has remained at 10 (range 5-16) episodes in 1991 45 obviously quite a crude way to compare the occurrence
1999 [P. Sandven, unpublished data]. The results of theof candidemia between hospitals, but it may nevertheless
studies from Norway therefore indicate that the candide- give an indication of the magnitude of the problem. It
mia rate has increased from the end of the 1970s to thezppears that hospitals in the United States often have more
beginning of 1991. Thereafter the rate seems to have staCandidacases per year than European hospitals. The
bilized. . . . majority of the European studies have less than 20 candi-
Studies from a Danish university hospital showed demia episodes per year while most of the studies from
stable level of fungemia cases, ranging from 20 to 25 epi-the United States have more than 20 cases yearly. Five of
sodes per year between 1984 and 1988, which accounteghe seven hospitals reporting a high number of cases (> 50
for <196 of total blood cultures [27]. Thereafter a gradual episodes) are located in the United States. The number of
yearly increase occurred until 57 episodes were recordedcases reported per year from one cancer institution in the
in 1994 [28]. United States [34] is approximately the same as the total

India. In a 10-year study (1981-1990) from a 820- number of cases reported per year from cancer patients in

bed tertiary care hospital in India a total of 60 patients had 30 tertiary care or university medical centers located in
candidemia. There was an eleven-fold increase during theEUrope (n = 28) and in the Middle East [35]. These results
last 5 years of the study compared to the first 5 years [29].therefore indicate that the candidemia incidence is higher
In the following six-year period a further marked increase !N the United States than in Europe. It is, however, also
of patients with candidemia was noted at the same hospi-poss'ble that this apparent difference only reflects a diffe-

tal from 15 patients in 1991 to 275 patients in 1996 [30]. g?gge in the size and type of hospitals participating in stu-

Taiwan. At the National Taiwan University In many studies the candidemia rate has been given
Hospital a 27-fold increase in bloodstream infections due as a percentage of the total number of patients with bacte-
to Candidaspp. occurred from 1980 to 1994 and since remia/fungemia (Table 1). In most of the hospitals in the
1993 Candidaspp. have become the most common cause United States the percentage of candidemia cases is above
of nosocomial bloodstream infections [31]. 5%, while European hospitals usually report 2-3%. In one
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Table 1. Number of candidemia episodes reported in studies from various countries.
Year* Country Hospital Candidemia episodes Reference
Total no. of No. per year and % of total no. of
episodes/ years per hospital bloodstream infections
65-72 USA 1 city/county hospital 7217 1935,41,47: 0 0% [71]
1953,61,69: 6 — 24 3.5-3.9 %
1972: 32 9%
72-81 USA Mayo Clinic 226/10 22.6 [14]
84-92 USA Mayo Clinic 642/8 80.3 9% [15]
72-77 USA 1 hospital 85/4.5 18.9 [72]
74-77 USA Memorial Sloan-Ketteringr 129/4 32.3 [69]
Cancer Cente
78-82 USA Memorial Sloan-Kettering 200/4.5 44.4 [12]
Cancer Cente
75-81 USA Surgical patients in 1 hospital 63/6.5 9.7 [73]
76-83 USA 3 hospitals 117/7.8 5 [41]
78-79 USA 1 university hospital 71/1 71 [74]
80-89 USA 1 university hospital 232/10 1980-84: 18 8.8 % [75]
1985-89: 30 12.9%
81-92 USA 1 university hospital 251/12 1981-83: 5.7 2.5% [16]
1984-86: 22.7 6.7%
1987-89: 24.7 6.9%
1990-92: 30.7 7.1%
82-85 USA 1 teaching hospital 48/4 12 [76]
83-86 USA 1 university hospital 135/4 1983: 23 4.6% [13]
1984-85: 32
1986: 46 6.2 %
86-91 USA 1 teaching hospital 106/5.8 1986: 5
1987-88: 14
1989: 32
1990-91: 20.5 [44]
88-89 USA 1 hospital 106/1 106 [17]
88-92 USA 1 cancer center 491/4 122.8 [34]
90-94 USA 4 university hospitals 427/4.5 23.7 [46]
87-89 USA 1 hospital 374/5 1987-89: 53 4-5% [32]
1991-92: 107 6-6.5%
92-93 USA 2 hospitals 60/1 30 5.9% [2]
92-93 USA 87 hospitals 837/2 4.8 [43]
95-98 USA 49 hospitals 934/3 6.4 7.6 % [38]
95-96 USA 50 hospitals 379/1.2 6.5 8% [77]
97-98 USA 22 hospitals 409/2 9.3 [42]
86-93 Canada 1 tertiary care hospital 98/7 14 6.5% [47]
85-96 Canada 1 university hospital 318/12 26.5 Before 1986: <2% [20]
1986-90: 2-3%
1991-96: 4-6%
92-94 Canada 14 hospitals 415/2 14.8 [49]
97-98 Canada 5-6 hospitals 118/2 9.8 [42]
92-96 Belgium 117 hospitals 867/4 1.9 5.6% [50]
(59% of all acute-
care institutions)
84-88 Denmark 1 university hospital 111/5 22.2 <1% [27]
89-94 Denmark 1 university hospital 206/6 34.3 [28]
96-98 Denmark 7 hospitals 48/3 23 1.5% [78]
79-89 Germany 1 university hospital 35/4 1979: 3 1.3% [21]
1982: 4 1.6%
1986: 18 6.7%
1989: 10 3.2%
83-85 Germany 15 hospitals 166/2 5.5 1.9% [51]
Austria
87-95 Netherlands 5 university hospitals 626/9 1987-89: 10.7 [22]
1990-92: 12.9
1993-95: 18.1
74-89 Norway 1 university hospital 2717 1974-79:1.2 1% [26]
1988-89: 10 2.2%
77-81 Norway 1 university hospital 18/5 3.6 [25]
91-96 Norway All major hospitals in Norway 560/6 4.2 [24]
89-98 Slovakia 71 hospital 288/10 0.4 [23]
70-82 Sweden Hospitals in the Gothenburg area 200/13 <10 [53]
80-86 Switzerland 1 university hospital 52/6 8.7 2% [52]
83-94 Italy 1 cancer hospital (university clinic) 113/12 1983-86: 3 [58]
1987-90: 8

1991-94: 17
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Table 1. Number of candidemia episodes reported in studies from various countries. (cont.)

Year* Country Hospital Candidemia episodes Reference
Total no. of No. per year and % of total no. of
episodes/ years per hospital bloodstream infections
73-83 Spain ICU in 1 hospital 67/10.8 6.1 [60]
91-92 Spain ICUs in 28 hospitals 46/1.3 1.3 [61]
94-97 Spain 34 hospitals 165/3.3 1.5 3.1 [79]
97 Spain 39 hospitals 143/0.3 14.7 [59]
92-94 Europe 30 tertiary care or university hospitals 249/2 4.2 (range 1-18) [35]
(cancer patients)

97-98 Europe 24 hospitals in 14 countries”® 272/1.8 6.2 2.8% [80]
97 Europe 20 hospitals in 13 countries 170/1 8.5 (range 2-30) [81]
94 Israel 14 of 18 general hospitals in Israel 293/1 20.9 [37]
81-90 India Nehru Hospital 60/10 6 [29]
91-95 India Nehru Hospital 579/5 1991-92: 27 [30]

1993-94: 126

1995: 275
81-92 Japan 1 university hospital 113/12 9.4 1981-85: 13.9% [63]
1986-88: 12.1 %
1989-92: 16.9 %

82-93 Japan 1 university hospital 44/12 1982-85: 3.5 9% [36]

1986-89: 2.5 6%

1990-93: 5 10 %
86-90 Japan 1 hospital (?) 84/6 14 [62]
89-93 Taiwan National Taiwan university Hospital 215/13 16.5 [82]
94-95 Taiwan National Taiwan university Hospital 147/1 147 [31]
95 Brazil 6 hospitals 73/0.8 14.6 [64]
95-96 Brazil 6 hospitals 145/1.8 13.2 [65]
94-95 Brazil 3 hospitals (cancer patients) 43/1.5 9.6 [67]
94-96 Brazil 1 hospital 83/2 41.5 [66]
97-98 Latin America  6-7 hospitals in Latin America 107/2 7.6 [83]

*Some studies performed for selected years and some studies for part of the period indicated.
% The first 20 consecutive blood culture isolates in each calendar month in each hospital

Japanese university hospital the average annual number ofvay that makes comparisons between hospitals and coun-
candidemia episodes was < 5 during the period 1982-1993tries possible. Until a better system is developed, this is
and this representerl 6-10% of the total number of probably best be achieved by reporting the number of
patients with bacteremia/fungemia [36]. cases in relation to the number of patients treated.

A better comparison between studies can be made Available results do indicate that the candidemia
if the candidemia rate is correlated with the number of rate is high in many hospitals in the United States compa-
patients treated in the hospital. This has been done in aed to European hospitals. The high candidemia rate in
few studies by calculating the number of candidemia this country has been documented in two later studies
cases per 1,000 or 10,000 admissions (or discharges) or aBom hospitals participating in the SCOPE program
the number of episodes per 10,000 patient days of cargSurveillance and Control of Pathogens of Epidemiologic
(Table 2). It is apparent that the rate varies enormouslyImportance). It was shown both in a one-year study from
between hospitals and between hospital units. The candi-1995-1996 and a later extension of the same study cove-
demia rate per 1,000 admissions at the university hospitalring the years 1995-1998 th@andidawas the fourth lea-
in Taiwan in 1994 [31] is for instance nearly 7.5 times ding cause of nosocomial bloodstream infections,
higher than the average rate from NNIS study in 1990 accounting for approximately 8% of all [38,39]. Some
[19,33] and 28 times higher than the average rate fromhospitals outside the United States, e.g. in India and
Norway in 1996 [24]. The candidemia rates reported from Taiwan, also have a high number of candidemia cases.
intensive care units or specialized cancer units are usuallyThese differences compared to European hospitals are
high compared to the figures given for general surgery interesting, but the significance of the data should be eva-
and internal medicine wards [37]. Even if the number of luated further.
candidemia episodes is related to the number of patients . o .
admitted or treated, the type of institution may therefore Species distribution ofCandidabloodstream

have a strong influence on the result. isolates
The rate per 100,000 population has also been cal-
culated in some studies (Table 2). This is also a crude The variousCandidaspecies isolated from blood

measure and highly dependent on the level of medicalhave a predictable susceptibility pattern to amphotericin B
care in each country and it is probably impossible to com- and fluconazole, the two most commonly used antifungal
pare rates between industrialized and non-industrializeddrugs for the treatment of invasi@andidainfection.
countries. Most Candidaspecies are susceptible to amphotericin B.
All the different ways of calculating candidemia Fluconazole is also active against most yeast species, but
rates have apparent weaknesses. It would therefore be #here are some important exceptio@sndida kruseand
great advantage if candidemia rates were reported in aCandida norvegensiglO] isolates are resistant and many
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Table 2. Rate of candidemia in various studies
Year Country Hospital(s) Candidemia rate per: Reference
1,000 admissions 10,000 patient 100,000
or discharges days population

89-90 USA 124 hospitals All hospitals: 0.5 [19,33]

Non teach™: 0.28

Small teach: 0.37

Large teach: 0.61
91 USA 1 university hospital 2 [16]
88-92 USA 1 cancer center 6 [34]
92-93 USA 87 hospitals 8 [43]
93-95 USA 7 sIcu? and SICU: 9.82 SICU: 9.9 [45]

6 NICcU$ NICU: 12.29 NICU: 6.4
86-93 Canada 1 tertiary care hospital 0.49 [47]
92-94 Canada 14 hospitals District 1&: 5.14 [49]
District 2: 3.53
District 3: 1.18
95 Netherlands 5 university hospitals 0.72 [22]
96 Norway All major hospitals in Norway All hospitals: 0.17 All hospitals: 0.26 2.17 [24]
University: 0.36
County: 0.19

94 Italy 1 cancer hospital (university clinic) Approx. 21 [58]
94 Israel 14 of 18 general hospitals in Israel All patients: Q.43 [37]

Surg/med : 0.4-0.5

ICU: 6

NICU: 8
93 Taiwan National Taiwan University Hospital All patients: 2.19 [82]
94 Taiwan National Taiwan University Hospital All patients: 3.7 [31]

SICU: 94

MICU®: 63.4

# teach: teaching hospitals

“ SICU: Surgical intensive care unit

£ NICU: neonatal intensive care unit

f‘ District 1. Hamilton and Burlington, District 2: Manitoba, District 3: Ottawa
Surg/med: General surgery and internal medicine

$MICU: Medical intensive care unit

Candida glabrataisolates have reduced susceptibility. A tes between 15 and 20% [17,32,34,46]. In most recent stu-
correct species identification of an isolate will therefore dies the proportion of. parapsilosistrains has been bet-
provide important information as to the probable suscepti- ween 10 and 20% whereas the incidenc&okrusei
bility to fluconazole. Since antifungal treatment is often isolates is low (approximately 4%).
started on the basis of clinical suspicion alone it is impor-
tant to know how frequent species with reduced suscepti- Canada. Studies from Canada show a different
bility or resistance is occurring. The results from a picture from the United States. In five of six studies the
majority of the studies done on species distribution of can- C. albicanspercentage is above 60% (62-74%) [20,42,47-
didemia isolates in various countries are summarized in49]. The nonalbicansspecies are correspondingly less
Table 3. prevalent;C. parapsilosisand C. glabrataapproximately

10% each an@. tropicalisbetween 2 and 10%. (Table 3).

Species distribution in different countries
Europe. The high prevalence dof. albicansin
United States.Many studies have been reported Canada resembles the occurrence of this species in some

from the United State<. albicansis the most prevalent  European countries. Recent studies from Belgium [50],
species. In 24 studigs. albicansaccounted for between  Denmark [28], and Norway [24] all show a high propor-
38,8% and 79,4% of candidemia cases (Table 3), but intion of C. albicans(approximately 70%) (Table 3). In
only three of these studies did it exceed 60% [17,32,41]. older studies from Germany [51], Switzerland [52] and
In a recent study from 49 hospitals across the country Sweden [53] the proportion a. albicansisolates was
C. albicansaccounted for approximately 50% in three of equally high. In The Netherlands [22] and the Slovak
the regions (northeast, northwest and southeast), whileRepublic [23] the occurrence @. albicansseems to be
70% of 164 isolates in the southeast region belonged tosomewhat lower (60%) than in the above European coun-

this species [38]. tries.
The three most prevalent natbicansspecies are An interesting finding from Denmark and Norway
C. glabratg C. tropicalisand C. parapsilosisIn recent is the occurrence @. norvegensidn these two countries

studiesC. glabrataaccounts for 20 to 25% of candidemia C. norvegensigs regularly found to cause a small number
episodes [2,32,38,42C. tropicalisis usually somewhat  of serious infections [27,40,54-56], but has otherwise only
less prevalent (approximately 10%) [42-45]. A few hospi- been reported from England [57].

tals do, however, have a percentag€ofropicalisisola-



Table 3. Distribution of Candida species isolated from blood culture.
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Year& Country No of isolates” Species - % of isolates Reference
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72-81 USA 226 45 25 13 15 1 0.4 1 [14]
72-77 USA 85 52 13 4 0 6 6 20 [72]
74-77 USA 129 41 23 12 20 3 1 [69]
75-81 USA 64 55 17 19 8 2 [84]
76-83 USA 117 62 12 24 0 2 [41]
78-82 USA 200 45 26 12 11 4 4 [12]
78-79 USA 71 48 27 10 14 1 [74]
80-89 USA 232 56 16 11 10 0.4 0.4 1 1 4 [75]
82-85 USA 51 55 24 14 6 2 [76]
83-86 USA 135 51 25 12 9 3 [13]
84-92 USA 642 57 8 12 17 8 [15]
86-91 USA 108 55 10 16 10 2 1 2 5 [44]
88-89 USA 106 63 17 6 13 1 [17]
88-92 USA 479 42 18 18 11 4 0.6 2 4 1 [34]
90-94 USA 441 52 15 11 6 4 1 0.5 [46]
87-89 USA 160 79 4 8 10 [32]
91-92 USA 214 39 20 16 26 [32]
92-93 USA 60 50 25 25 [2]
92-93 USA 837 52 10 21 12 4 2 0.6 0.1 [43]
93-95 USA 77 55 10 17 16 3 [45]
95-98 USA 929 53 12 10 20 3 2 [38]
95-96 USA 379 52 11 8 20 5 4 [77]
97 USA 203 56 7 9 19 3 7 [42]
98 USA 206 54 6 15 22 1 2 [42]
86-93 Canada 102 74 3 7 8 1 2 [47]
85-96 Canada 318 62 12 12 8 3 1 1 2 [20]
91-94 Canada 100 73 2 8 13 1 3 [48]
92-94 Canada 415 69 7 10 8 1 0.2 0.7 4 [49]
97 Canada 61 53 8 23 12 2 3 [42]
98 Canada 57 70 5 7 12 2 4 [42]
92-96 Belgium 867 68 32 [50]
84-88 Denmark 111 79 5 5 5 2 2 1 2 1 [27]
89-94 Denmark 206 72 8 4 8 4 2 2 [28]
79-89 Germany 35 46 17 9 3 26 [21]
83-85 Germany 166 65 12 9 10 0.6 2 1 [51]

Austria

87-89 Netherlands 161 72 3 4 7 2 0.6 0.6 11 [22]
90-92 Netherlands 194 68 3 5 5 0.5 1 5 13 [22]
93-95 Netherlands 271 61 4 4 15 2 2 3 10 [22]
91-93 Norway 279 68 7 11 12 1 1 0.4 0.7 [24]
94-96 Norway 281 69 6 5 14 3 0.7 0.4 0.7 1 0.4 [24]
89-95 Slovakia 116 7 6 7 3 6 1 [23]
96-98 Slovakia 172 59 4 13 4 6 2 2 11 [23]
70-82 Sweden 199 71 2 11 14 2 [53]
80-86 Switzerland 52 71 2 2 10 6 10 [52]
83-90 Italy 45 33 16 24 16 11 [58]
91-94 Italy 68 28 6 35 7 13 10 [58]
88-97 Italy 74 42 24 5 5 15 5 3 [85]
73-83 Spain 67 48 5 3 5 40 [60]
91-92 Spain a7 60 9 17 2 2 11 [61]
97 Spain 143 41 7 37 6 4 3 1 1 [59]
92-94 Europe 249 49 11 11 10 9 4 2 0.4 4.0 [35]
97 Europe 170 53 6 21 12 1 4 3 [81]
94 Israel 293 54 11 12 7 0.7 0.3 16 [37]
89 South Africa 103 43 27 20 8 1 1 [86]
81-90 India 60 50 15 8 3 2 17 5 [29]
91-95 India 579 25 42 6 2 10 15 [30]
81-92 Japan 113# 25 14 26 8 [63]
82-93 Japan 44 25 11 21 16 2 2 2 21 [36]
86-90 Japan 84& 39 12 20 11 5 [62]
89-93 Taiwan 215& 49 17 14 10 [82]
94-95 Taiwan 120 50 20 9 14 2 3 3 [31]
95 Brazil 73 23 29 34 4 1 7 1 [64]
95-96 Brazil 145 37 24 25 4 1 2 7 [65]
94-95 Brazil 33 18 49 18 12 3 [67]
94-96 Brazil 83 52 12 18 2 1 10 5 [66]
97 Latin America 42 41 12 38 2 2 5 [83]
98 Latin America 65 45 20 19 9 2 6 [42]

f‘The results for some studies covering many years have been divided into two or more time periods.

Number of Candida species isolates; other yeasts or unidentified yeast isolates are included for some of the studies
#Includes all fungemia episodes
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Large, comprehensive studies seem to be lackingChange in species distribution over time?
from other European countries. The species distribution
was quite unusual in one study from a cancer institution in Except for the United States the number of candi-
Italy for the years 1983-1994. [58]. The proportion of demia studies covering an extended period of time are
C. albicanswas low (30%) while the proportions of few. In 21 of 24 studies from the United States covering
C. parapsilosig31%),C. guillermondii(12%) andC. kru- the period 1972 — 1998. albicansaccount for between
sei(10%) isolates were quite high. A multicenter study on 40 and 56% of the yeast species irrespective of when the
cancer patients in 30 tertiary care or university medical studies were performed. In six studies the proportion of
centers located in Europe, mainly in France, Italy and C. albicanswas lower than 50% and four of these studies
Belgium (n = 28) and in Israel and Saudi Arabia (n = 2), were performed before 1985. The proportion of the most
also showed quite a low proportion (49%)@falbicans  important nonalbicansspecies has, however, varied quite
isolates [35].C. glabrata, C. tropicalis, C. parapsilosis a lot. C. tropicaliswas prevalent in earlier studies. In six
and C kruseiaccounted for 9 — 11% each. Approximately studies before 1985 approximately 25% of all strains
1/3 of these patients had, however received absorbablebelonged to this species. In the 1990s the proportion of
antifungal drugs before the occurrence of candidefhia  C. tropicalisisolates seems to have decreased in most
is, however, not likely that the results of these two studies hospitals [15,38,42-45]. The proportion 6f glabrata
from specialized cancer institutions reflects the situation jsolates has on the other hand increased in latter years.
in these countries as a whole. With a few exceptions [14,69] most of the earlier studies

A recent study from Spain [59] may indicate that have a low proportion of. glabrataisolates (less than
the species distribution in this country is different from 10-12%) (Table 3). This has changed recently in that
Northern Europe. A survey was done in 39 hospitals C. glabratastrains now accounts for 20 — 25% of all the
during three months in 1997. The prevalenceCoflbi- Candidaspecies causing candidemia [2,32,38,42].
canswas low (41%) while th€. parapsilosigorevalence The studies from the United States therefore indi-
was high (37%). Similarly th€. albicanspercentage was  cate that the proportion @&. albicansisolates has been
low (< 50%) in Spain in an earlier study from 1973-1983 quite constant for many years. The distribution of non-
[60]. However, in a 15-month study from ICUs in 28 hos- albicansspecies has, however, changed in @atropica-

pitals in SpainC. albicansaccounted for 60% of the epi- lis now is less prevalent whil€. glabratais on the
sodes [61]. increase.
In studies from the Netherlands, Norway and from
South America, Japan, Taiwan and India. ~ Denmark the species distribution have been followed for a
Studies from South America, Japan, Taiwan and India areprolonged period of time [22,24,27,28]. In the two studies
all quite consistent in that the prevalenceCofalbicansis from Denmark which covers one large university hospital

much lower than in Canada and Northern Europe. In afrom 1984 to 1994 [27,28] and in the study from Norway
study from India the proportion &. albicanswas 25%  which included all major hospitals in the country from
while the proportion of nomdbicansspecies wasC. tro- 1991 to 1996, the distribution of species is remarkably
picalis - 42%,C. guillermondii- 15% andC. krusei- 10% constant throughout the periods surveyed [24]. The study
[30]. Three studies from Japan all show a low prevalencefrom the Netherlands do, however, show a reduction of
of C. albicans(25-40%) and quite a high proportion of C. albicansrates from 72% to 60.5% and an increase in

C. parapsilosig20-26%) [36,62,63]. C. glabratarates from 6.8% to 14.8% from 1987 to 1995
Studies from Latin America are comparatively few, (Table 3) [22].

but it seems that the proportion Gf albicansisolates is The proportion ofC. albicansisolates did also

low, C. parapsilosisquite high and tha€. glabratais a decreased in a national study from Slovakia for the years

rarely occurring species [64-67]. A multicenter study 1989 — 1998 [23]C. albicansaccounted for 77% of the

which included 534 fungal blood culture isolates from 30 116 candidemia isolates in the first seven years of the

laboratories in 8 countries did also show that the occurren-study compared to 59% of 172 isolates in the next three

ce of C. albicanswas low in Latin America: Argentina  years [23].

53%, Brazil 12.5%, Colombia 16%, and Venezuela 45% Two studies from one hospital in India [29,30]

[68]. It should, however, be noted that the number of show a remarkable change in the distribution of species.

patients included in these studies is quite few. The first 10 year€. albicansaccounted for 50%, but this
Even though the number of studies is limited from decreased to 25% the next 5 years. There was a parallel

many geographical regions, the results strongly indicate increase inC. tropicalisfrom 15% to 42% an€. krusei

that there are marked variations in the occurrence of thefrom 2% to 10%. The proportion &. guillermondiiwas

most important yeast species and that these differencesigh (15-16%) in both study periods.

existed before the introduction of fluconazole. For many Even though few long-term studies have been done

years the occurrence @f. albicanshas for instance been it seems that a shift in species distribution has occurred in

quite different in the United States as compared to Canadaa few countries, but has remained remarkably stable in

and many European countries. It is probable that this other. The reason for these differences is not known. It is

reflects regional variations in the normal human yeast of course possible that the widespread use of fluconazole

flora. _in hospitals have played a role [32,34,70]. If fluconazole
In addition to the differences between countries prophylaxis is effective, it is to be expected that prophyla-

there are also differences between hospitals. This isxis wiil exert a selection pressure.

demonstrated by results from many of the studies in the

United States. Such variability could for instance be Conclusions

explained by differences in the patient populations, the

amount of antifungal drugs used for prophylaxis and treat- Prospective, long-term nationwide candidemia stu-

ment and perhaps also by antibiotic usage. It is thereforedies are few. It is, however, documented that the candide-

important that the distribution @andidaspecies causing  mia rate has increased during the last 10-20 years in many

serious infections is monitored in each hospital. tertiary care hospitals. It is not known to what an extent an
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increase also has occurred in smaller, non-specialized hos- The distribution ofCandidaspecies isolated from

pitals. In some hospitals the candidemia rate has increasedlood varies markedly between different geographical
quite markedly in a short time span. The reason for this isregions in the world. The reason for this is unknown, but
unknown. may be due to differences in the normal human yeast

however, difficult because of lack of data.

The candidemia rate in the United States seems toflora.
be higher than in most European hospitals. A few hospi-

tals in other countries also have a high numb&afdida
bloodstream isolates. Comparison between countries is,
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