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Abstract. During a period of twelve years (1984-1995), ninety-seven pediatric patients experienced 107
nosocomial fungal infections at Mackay Memorial Hospital. The nosocomial fungal infection rate in
pediatric patients was lower than that of the hospital as whole, but it increased significantly. The average
rate in the last three years (1993-1995) was 1.20 per thousand discharged patients, 10 times that of the first
three years (1984-1986). Two-thirds of the patients were below one year of age. Half of the infections
occurred in Intensive Care Units. The bloodstream was the most common site of infection (40.2%), followed
by the urinary tract and skin. Important underlying diseases included malignancies, prematurity, and
congenital anomalies. Common risk procedures included total parenteral nutrition (43.3%), endotracheal
intubation (29.9%), central venous catheterization (25.8%), operation (14.4%). Near 90% of the patients
had previously received antibiotics. Candida albicans was responsible for 58.1% of the infections. Thirty-
three patients expired, of whom 18 died of the fungal infections. With the trend of increasing nosocomial

fungal infections, physicians should be more alert to the possibility of such infections.

INTRODUCTION

A few decades ago, fungi were rarely isolated
as hospital-acquired pathogens (McGowan et al,
1975). However, they have recently emerged as
important pathogenic agents (Bodey, 1988). Noso-
comial fungal infection rates vary on different
services. The lowest rates are reported in obstetric,
newborn, gynecologic, and pediatric services; the
highest rates are in burn, trauma, cardiac surgery,
oncology, high risk nursery, and general surgery
units (Beck-Sagueand Javis, 1993). Unfortunately,
the incidence is increasing across the board. Noso-
comial fungal infections, especially fungemia, are
associated with very high mortality (Wey et al,
1988; Fraser et al, 1992). To reduce the high mortal-
ity, early detection and management are mandatory.

In this hospital, the pediatric service has 306
beds, including 33 beds in the neonatal Intensive
Care Unit, 14 beds in the pediatric Intensive Care
Unit, 70 beds in the intermediate care nursery, 68
beds on the general pediatric ward, 26 pediatric
surgery beds, and 95 nursery beds. Patients include
normal newborns and children with all kinds of
pediatric diseases, eg prematurity, infectious, res-
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piratory, cardiac, neurologic, hemato-oncologic,
urogenic, endocrinologic, and surgical problems.
Approximately eight thousand patients are dis-
charged from these pediatric wards each year. This
report reviews nosocomial fungal infections during
the past twelve years on the pediatric service.

MATERIJALS AND METHODS

From January 1984 to December 1995, all pa-
tients admitted to the Department of Pediatrics of
Mackay Memorial Hospital underwent surveillance
for nosocomial infection. That data was retrospec-
tively reviewed for this report. The definition of
nosocomial infections in this hospital is based on
the guidelines of the Centers for Disease Control
(CDC, USA) (Garner et al, 1988).

One member of the Infection Control Commit-
tee, in charge of the pediatric wards, reviewed all
the pediatric charts and collected positive culture
results from the microbiological laboratory. Any
infections fulfilling the criteria for nosocomial in-
fection and in which positive fungal cultures were
found was included in this study. Data compiled
included the patient’s age, sex, date of admission,
date of acquisition of fungal infection, ward on
which the infection was acquired, infection site,
underlying disease, invasive or specific procedures,
usage of antibiotics, corticosteroids, chemothera-
peutic agents for malignancy, antifungal agents,
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and final outcome.

The presumed onset of infection was defined as
the date of developing fever, signs of infection, or
significant clinical deterioration. Risk procedures
included intravascular and urinary catheterization,
parenteral nutrition, endotracheal intubation, blood
exchange transfusion, dialysis, and operation within
two weeks prior to onset of fungal infection. The
use of the following medicines was considered to be
a risk factor: antibiotics, within 48 hours; cortico-
steroids, for at least one week; and chemotherapeutic
agents, within two weeks before fungal infection.
In fatal cases, the death was considered as caused
by fungal infection if the patient’s condition dete-
riorated after onset of the fungal infection and/or
there was absence of a more likely cause of death.

RESULTS

During this twelve-year period, nosocomial fun-
gal infection rates significantly increased (Fig 1).
The average fungal infection rates from 1984 to
1986 were 0.95 per thousand discharged patients
for the entire hospital and 0.12 for the pediatric
wards. These rates increased from 1993 to 1995 to
5.25 perthousand discharged patients for the entire
hospital and 1.20 for pediatric wards; this repre-
sented a 5.5-fold increase for all hospitalized pa-
tients, and a 10-fold increase for pediatric patients.

During this period, there were 97 pediatric pa-
tients with 107 episodes of nosocomial fungal in-
fections. Eighty-seven patients had a single infec-
tion, seven had two infections, and two had three
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Fig 1-Nosocomial fungal infection rates from 1984 to
1995 at Mackay Memorial Hospital.
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infections. Fifty-eight patients (59.8%) were male
and 39 (40.2%) were female. Nearly two-thirds
were below one year of age (Table 1). Near half of
the patients (49.5%) acquired their infections in
Intensive Care Units, the remainder (50.5%) on the
general wards.

The bloodstream was the most frequent site
from which fungi were cultured, followed by the
urinary tract and skin (Table 2). The most impor-
tant underlying diseases were leukemia or other
malignancies (15 cases, 15.5%), prematurity (14
cases, 14.4%), and congenital anomalies (13 cases,
13.4%). Total parenteral nutrition, endotracheal
intubation, central venous catheterization, opera-
tion, umbilical artery catheterization, and urinary
catheterization were the most common procedural
risk factors (Table 3). Nearly 90% of the patients
had received antibiotics (Table 3); for longer than
one week in 80.6%, and longer than two weeks in
41.4%. These patients received on an average 2.2
different antibiotics. The average length of ad-
mission before fungal infection was 32.2 + 19.8
days.

Among 43 episodes of fungemia, the most com-
monly isolated pathogen was Candida albicans
‘Table 1

Age distribution of 97 nosocomial fungal
infection patients.

Age No. of patients %
< lm/o 20 20.6
1-12 m/o 42 413
1-4 y/o 14 14.4
5-15 y/o 21 21.6
Table 2
Infection sites of 107 nosocomial fungal
infections.
Sites No. of infections %
Bloodstream 43 40.2
Urinary tract 26 243
Skin and soft tissue 20 18.7
Others 18 16.8
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Table 3
Risk factors in 97 nosocomial fungal infection
patients.
Risk fators No. of patients Y%
Procedures
Total parenteral nutrition 42 433
Endotracheal intubation 29 29.9
Central venous catheterization 25 25.8
Operation 14 14.4
Umbilical artery catheterization 11 11.3
Urinary catheterization 10 10.3
Arterial catheterization 5 52
Hemodialysis 2 2.1
Blood exchange transfusion 1 1.0
Medications
Antibiotics 87 89.7
Corticosteroids 14 14.4
Chemotherapeutic agents 12 12.4
Table 4

Fungi isolated in 43 patients with fungemia.

Fungi isolated No. of patients %

Candida albicans 25 58.1
C. tropicalis 4 9.3
C. krusei 3 7.0
C. parapsilosis 3 7.0
C. pseudotropicalis 2 4.7
C. guilliermondii 1 23
C. glabrata 1 2.3
Unidentified yeast 4 9.3

(58.1%); other identified non-albicans Candida
species accounted for 32.6% (Table 4). Of these
43 fungemic patients, 15 (34.8%) were fatal; 11
(25.6%) were caused by fungal infections.

Of the 97 patients with fungal infections, 33
(34.0%) patients expired; 18 (18.6%) died as a re-
sult of their fungal infections. Among the 18 fungal
infection-related fatalities, 11 patients had fungemia,
6 had funguria, and one had fungus isolated from a
central venous catheter tip. Fifteen of these pa-
tients had received antifungal therapy within an
average of 4.13 + 2.07 days after onset of infection.
Six received both amphotericin B and fluconazole,
eight received amphotericin B, and one received
fluconazole only.
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DISCUSSION

Fungi are currently one of the most rapidly
emerging groups of nosocomial pathogens. In the
United States, different sizes of hospitals had in-
creases of 75 to 487% in the rate of nosocomial
candidemia from 1980 to 1989 (Banerjee et al,
1991). In Taiwan, National Taiwan University
Hospital experienced a 27-fold increase in candi-
demia from 1980 to 1994 (Hung et al, 1996). This
hospital has had the same increasing trend. On the
pediatric wards, although the fungal infection rate
is lower than in the hospital as a whole, the rate of
increase is greater.

Factors contributing to this increasing trend in-
clude the use of broad-spectrum antibiotics, long-
term indwelling catheters, chemotherapy for ma-

‘lignancy, major operations, etc (Karabinis et al,

1988; Bross et al, 1989). As is so often the case,
medical progress has provided improved treatment
for serious clinical conditions, but at the cost of
increased risks of serious side effects, such as fun-
gal infections.

The age distribution of our infected patients may
simply reflect the age distribution of the pediatric
inpatient population here. However, patients in
Intensive Care Units have a higherrate of infection,
caused not only by their medical condition but also
related to the environment. Several outbreaks of
fungal infections in neonatal Intensive Care Units
have been reported (Baley et al, 1986; Weese-
Mayer et al, 1987; Bulter and Baker, 1988), but
there were no such episodes in Intensive Care Units
here during the study period.

It is difficult to define invasive fungal infection.
Fungemia may represent a true systemic infection
or be just a transient, self-limiting condition. Fur-
ther complicating the issue is that blood cultures
infrequently yield the organism even in dissemi-
nated fungal infections (Klein and Watanakunakorn,
1979). Funguria does not prove renal involvement.
Conversely, kidney or liver fungal infections may
not cause abnormal renal or hepatic function tests
(Hughes, 1982). Fungi were most commonly iso-
lated from blood and urine in our study. According
to the CDC definition, clinical findings are impor-
tant to invoke the diagnosis of nosocomial infec-
tion. However, clinical symptoms and/or signs are
usually nonspecific and subtle in children espe-
cially neonates. It is particularly difficult in this
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age group to determine whether positive fungal
cultures represent invasive infection or not. Since
almost all of our urine specimens were collected by
suprapubic puncture, false positives from perineal
contamination is unlikely. But the clinical signifi-
cance of these results is still open to question.

It is well documented that immunocompro-
mised patients are susceptible to fungal infections
(Karabinis et al, 1988; Bross et a/, 1989). Underly-
ing diseases in pediatric patients ar¢ somewhat dif-
ferent from those in adults. In addition to hema-
tological malignancies and solid tumors, prematu-
rity and congenital anomalies are frequently en-
countered (Baley et al, 1986; Weese-Mayer et al,
1987; Lee et al, 1991). As with adults, invasive
procedures, ie hyperalimentation, endotracheal
intubation, intravascular and urinary catheteriza-
tion, etc, increase the possibility of fungal infec-
tions (Fuchs er al, 1984; Solomon et al, 1984;
Weese-Mayer et al, 1987). Some treatments, ie
antibiotics, corticosteroids, chemotherapy, major
operations, and dialysis also increase the risk
(McGowan, 1985). A prolonged hospital stay is
another contributing factor(Wey etal, 1988). These
patients had been hospitalized for an average of
nearly one month before acquiring a fungal infec-
tion; they remained hospitalized for nearly another
one month afterward. By contrast, the average
duration of hospitalization for pediatric patients
overall during the study period was only 7.1 days.

Candida albicans is the most frequently isolated
pathogen in nosocomial fungal infections, followed
by other Candida species (Beck-Sague and Jarvis,
1993). Patients with Candida albicans infections
may have lower mortality than with non-albicans
Candida species infections (Fraser ef al, 1992).
Some non-albicans Candida species are reported to
be associated with specific conditions: eg C. tropi-
calis with leukemia (Wingard et al, 1979); C. pa-
rapsilosis with indwelling catheters, hyperalimen-
tation and solid tumors (Plouffe et al, 1977;
Meuniser-Corpgntier et al, 1981); and C. glabrata
with solid tumors and nononcological diseases
(Meuniser-Corpentier et al, 1981). However, many
of the species-specific findings may merely reflect
the period in which the studies were done and the
microflora common at each institution, rather than
an etiology association (Fraser et al, 1992). In this
study, such species-specific associations were not
found. As in other reports (Beck-Sague and Jarvis,
1993), non-Candida fungi were rarely isolated as
pathogens in nosocomial infections.
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In this study, fungal infection as a cause of
mortality occurred in 18.6% of all cases and 25.6%
of fungemia, lower than in reports of a series of
adult patients (Wey et al, 1988; Fraser et al, 1992;
Hung et al, 1996). The difference may be explained
by the use of fewer invasive procedures, less use of
corticosteroids and chemotherapy in the patients,
and the different types of underlying diseases for
children and adults,

In summary, pediatric nosocomial fungal in-
fected patients had risk factors similar to adults, but
a slightly different pattern of underlying diseases.
Infection rate and mortality were lower than that for
adults, but the increasing incidence of fungal infec-
tion was similar. Fungi have become important
pediatric nosocomial pathogens.
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