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Premature infants are at high risk of developing candidal infections originating
from their own normal flora or from the hospital environment. This study
involves the surveillance cultures and blood cultures of candidemic preterm
infants with low birth weights who have been analyzed for colonization period
and status, and for virulence factors such as acid proteinase and phospholipase.

Arbitrarily primed-polymerase chain reaction (AP-PCR) was applied to the blood
culture isolates of the babies with candidemia and their last colonizing strains
in order to determine whether the source of fungemia was the rectum.

Of 65 colonized infants, 6.2% developed candidemia with identical strains
originating from their rectum according to their PCR patterns.

Our findings indicate that the properties of the colonizing yeasts such as increase
in number-although not statistically significant because of the small sample size-
and/or exhibition of strong hydrolytic enzyme activities through a long duration
of colonization might contribute to the development of candidemia in preterms.
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Systemic candidiasis may develop in patients
with risk factors such as hematological
malignancies, gastrointestinal system operations,
and preterm births.
According to the report of the National
Nosocomial Infections Surveillance System
(NNISS), isolation of Candida spp. from
nosocomial systemic infections has risen from
8th to 4th in rank between 1984 and 19881.
Among these cases endogenous infections are
higher in frequency than exogenous ones2.
Sixty percent of newborns colonize Candida
spp. on their skin and mucous membranes and
this may lead to invasive infections, especially
in preterm infants, and may result in death
despite aggressive antifungal therapy3.
In addition to the high number of colonizing
yeasts, some hydrolytic enzymes of the strains
were suggested to have an important role in
the pathogenesis in cases who develop severe
candida infections4. However, in low birth
weight (LBW) infants, the importance of two

virulence factors for both colonization and
candidemia have not been discussed sufficiently
in the literature.

In order to define which property (or pro-
perties) had of role in colonization and the
following systemic infection, we analyzed the
arbitrarily primed-polymerase chain reaction
(AP-PCR) patterns of the Candida strains
isolated from colonized body sites and blood
stream infections, which give information about
the source of the strains, their numbers in
colonizing status and their acid proteinase and
phospholipase activities.

Material and Methods

A total of 134 preterm infants with LBW who
were admitted to Marmara University Children’s
Hospital, Newborn Intensive Care Unit, and
Social Security Organization –Göztepe Children’s
Hospital, Premature Service between 1999 and
2002 were included in this study.
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Swabs were obtained from their oropharynx,
axilla, umbilicus and rectum in the first 24
hours of life, twice a week during the first two
weeks, and once in each following week during
their stay in the hospital. Colony count
estimations were made for each positive culture
by performing serial dilutions followed by
inoculations on Sabouraud dextrose agar (SDA)
and cycloheximide-chloramphenicol containing
SDA, incubated for a week at 30°C. The results
were quantified as cfu/ml.

Blood cultures were obtained from the infants
suspected to develop systemic infection and the
cultures were followed up using BACTEC-9240
(Becton-Dickonson, U.S.) system. From the
positive cultures, Gram-stained preparations
were performed and SDA inoculations were
made when yeasts were seen under microscope.

The detection of species of the strains was made
by performing germ tube and chlamydospore
formation tests, and using ID 32 C (bioMerieux,
France) assimilation5.

Acid proteinase activities of the strains were
detected on bovine serum albumin (BSA)
containing agar (pH: 5.0) plates, and the results
were read according to millimetric width of the
transparent zones around the colonies occurring
on previously opaque plates and were reported
as strong (++), mild (+) or negative (–). CBS
2730 C. albicans standard strain kindly provided
by Dr. R. Rüchell was used as positive control6.

Phospholipase activities of the strains were
assayed on egg yolk containing agar (pH: 4.3).
The results were reported as negative (–), mild
(+), strong (++) or very strong (+++), as
described previously. During the test procedure
SC 5314 C. albicans strain kindly provided by
Dr. M. Ghannoum was used as positive
control7,8. Chi Square test was used for the
statistical evaluation of the association between
hydrolytic enzyme production and development
of candidemia.

DNAs of the strains were extracted using
NucleoSpin (Macherey-Nagel) kit. AP-PCR
reactions were performed using T3B primer
(5’-AGG TCG CGG GTT CGA ATC C-3’…….)
as cited in previous studies9.

The criteria described by Hedderwick et al.2 to
define the colonization status of the strains.
Colonization times reported as early or late
were used as described in previous studies10.

Results

The gestational ages of the preterm infants in
this study were 24-36 weeks and the birth weights
were 640-2500 g; 49.3% had birth weights below
1500 g (very low birth weight=VLBW), and
50.8% had birth weights between 1500 and
2500 g (low birth weight=LBW).

In 69 (51.5%) babies no significantly positive
surveillance culture was detected despite their
long stay in the hospital. In the remaining 65
(48.5%), colonizations were detected on different
body sites on 125 culture episodes. Rectum was
the commenest colonized site as reflected in 57
(45.6%) infants, followed by oropharynx
(32.8%), axilla (16.0%) and umbilicus (5.6%).

Colonization status of the infants is given in
Table I.

Table I. Clonization Status of 65 Infants
According to Their Involved Body Sites

Body Site Culture Episodes %

Rectum 57 45.6
Oropharynx 41 32.8
Skin 20 16.0
Umbilicus 7 5.6

125 100

Candida albicans was the most frequently
isolated species (80% of the total), mostly from
rectum (44 isolates), followed by oropharynx
(33 isolates), axilla (17 isolates), and umbilicus
(6 isolates). Candida prapsilosis was isolated
from rectum7, oropharynx3, and axilla2,
comprising 9.6% of the total. Candida tropicalis
was third, isolated from rectum5, oropharynx4,
and from axilla1, accounting for 8% of the total.
Candida guilliermondii was isolated from
rectum1, oropharynx1 and from umbilicus1, for
2.4% of the total.

“Early” colonization was seen in 76 (60.8%)
infants, in rectum (31.2%), oropharynx
(20.8%), axilla (7.2%), and umbilicus (1.6%),
while “late” colonization was detected in 49
(39.2%), in rectum (14.4%), oropharynx (12%),
axilla (8.8%), and umbilicus (4%), respectively.

Candidemia developed in only four of 65 (6.2%)
colonized infants during their stay in hospital.
The blood culture and the last colonizing strains
at that time were same with respect to species
in all patients. In the first fungemic patient,
although the number of the colonizing yeasts
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was not high (1x103 cfu/ml), C. albicans was
isolated from blood culture due to “persistent”
rectal colonization. In the second candidemic
patient, C. albicans was isolated from the blood
culture due to the “persistent” and “probably
persistent” colonizations in relatively high
numbers (2x106 cfu/ml) in rectum and
oropharynx, respectively. In the third patient,
fungemia was detected due to C. albicans,
associated with the high number of colonizing
yeasts (5x106 and 7x105 cfu/ml) in rectum and
oropharynx, respectively, and in the presence
of “intermittent” colonizations at both sites. In
the fourth patient, fungemia was caused by
C. parapsilosis, consistent with the “persistent”
colonization of rectum with higher number
(7x106 cfu/ml) of yeasts.
In the infants other than candidemics, the
numbers of the rectal colonizing strains were
between 3x102-6x106.
The AP-PCR results of the strains isolated from
the last surveillance cultures at the time of
candidemia of each patient were found to be
identical. In the first and second patients both
rectal and blood strains yielded quite similar
patterns. The C. albicans strains isolated from
the third patient’s rectum and blood cultures
were identical, but exhibited a small difference
on one band from the first two patients (Fig. 1).

Fig. 1. Arbitrarily primed-polymerase chain reaction
(AP-PCR) results of the four fungemic patients.

Left: rectal colonization isolates;
Right: blood culture isolates.

The last colonzinig isolates at the time of
candidemia and blood culture isolates of the
four candidemic patients had strong acid
proteinase (++) and strong phospholipase
(+++) activities.

The analysis of the hydrolytic enzyme activities
of the remaining 121 strains isolated from the
nonfungemic but colonized infants yielded the
following results:

Out of the 50 C. albicans strains isolated from
“transient” colonizations, 18 and (++), 27 had
(+) and 5 had (–) acid proteinase activity while
9 had (++), 31 had (+) and 10 had (–)
phospholipase activity. Out of 28 strains of
“intermittent” colonizations, 21 had (++),
6 had (+), 1 had (–) acid proteinase activity;
14 had (++) 7 had (+) and 7 had (–)
phospholipase activity. Out of a total of 11
C.albicans strains isolated from “probably
persistent” colonizations, 8 had (++) and 3 had
(+) acid proteinase, and 1 had (+++) 7 had
(++), and 3 had (+) phospholipase activities.
Of the 8 “persistent” C. albicans strains, all had
(++) acid proteinase, and 1 had (+++) and
7 had (++) phospholipase activity. Out of a
total of 11 Candida parapsilosis strains isolated
from “transient”, “intermittent” and
“persistent” colonizations, 4 had (++), 2 had
(+), and 5 had (–) acid proteinase and
phospholipase activity. Of a total of 10
C. tropicalis strains 4 had (++), 5 had (+) and
1 had (–) acid proteinase and 3 had (++),
5 had (+), and 2 had (–) phospholipase activity.
Out of 3 C. guilliermondii strains isolated only
from “transient” colonizations, all were negative
for either enzyme activity (Fig. 2a, 2b, 3).

Fig. 2a. Negative acid proteinase activity on
albumin containing medium.
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Fig. 2b. Strongly positive (++) acid proteinase activity
on albumin containing medium.

Fig. 3. Negative phospholipase activity on right side.
Strongly positive (+++) phospholipase

activity on left side (arrow).

Discussion
According to the findings in the literature, 60% of
the infants with risk factors such as LBW, presence
of central venous catheter (CVC) and long-term
antibacterial treatment may become colonized with
yeasts on their skin and mucous membranes. This
may lead to invasive fungal infections despite
antifungal therapy. Especially in infants with VLBW
(<1500 g), the mortality rate has been reported
to be 28% for those who develop sepsis, while it
is 7% in those without sepsis3,11.
In our study the preterm infants were found to
be colonized at a rate of 48.5%, which is higher
than the findings of Baley et al.10 and Saiman et
al.12, who reported 26.7% and 23%, respectively.

Our findings indicate that the most frequently
colonized body site was the rectum, followed by
oropharynx, axilla and umbilicus. This finding
complies with some other studies13-15. This
distribution may be due to the use of antibacterial
agents, which may lead to overgrowth of the
yeasts in the intestines. We also detected a high
rate (60.8%) of early colonization in the first two
body sites, as stated in the literature10,14. The body
site with the weakest colonization was the
umbilicus, as explained in other studies by the
time of detachment of the umbilicus in the very
early period of life3.

In the literature, definition of the colonization
status has been offered as an important
parameter in the epidemiology of invasive fungal
infections2,16. Although the rates differed due to
the body sites involved, in the present study
transient colonization rate (49.6%) was found
to be the highest, followed by intermittent,
persistent and probable persistent colonizations
when evaluated with respect to the total
colonization number (Table I). This finding did
not agree with the findings in a large extensive
prior study in which transient colonization was
found in only 4.3% of 92 patients2.

In our study Candida albicans was found to be
the commonest isolated species (80%) from the
infants followed by C. parapsilosis in 125 culture
episodes. Candida albicans was detected in rectal
cultures mostly, followed by oropharynx, axilla
and umbilicus cultures. The findings for the two
species are in agreement with a prior study12.
We isolated C. guilliermondii spp. at a rate of
2.4% a finding that we have not observed in
other studies.

In the present study 6.2% of the infants
developed candidemia during the colonization
period. In the first patient, in spite of the
presence of persistent and intermittent
colonizations with C. albicans in rectum and
oropharynx, the number of colonizing yeasts
were 1x103 and 3x104, respectively, and did not
increase at the hime of candidemia. In this case
intestinal persistent colonization may be the
reason for development of the fungemia. In the
second patient the number of yeasts, which led
to intermittent colonization in the rectum,
increased to 5x107 at the time of candidemia
due to C. albicans. In the third patient as with
the second, at the time of candidemia due to
C. albicans, the number of the yeasts increased
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to 5x106 in the intermittently colonized rectum,
and was associated with resultant fungemia. In
the fourth infant who developed candidemia,
there was a persistent colonization in the
rectum by C. parapsilosis which rose to 7x106

and was associated with fungemia. In preterm
infants, intestinal colonization with Candida
spp. has been suggested to be a source for
sepsis. In a prior study including 40 VLBW
infants, 28% of 21 babies with intestinal
C. albicans colonization developed sepsis. The
commonly shared characteristic was the
presence of ≥8x106 cfu/g threshold number of
yeasts in the stool of these infants17. Our
patients, with the exception of the first infant,
had gradually increasing numbers of yeasts in
the rectum at the time of candidemia, consistent
with the cases above.

Despite these findings, it is not easy to define
a threshold value for colonizing yeasts in
various body sites, although it is accepted that
a high number of yeasts may be associated with
invasive infections. This led the authors to
suggest suppressing the number of yeasts in the
oral cavity and intestines18,19.

In the present study the rate of candidemia was
relatively low when compared to other reports
in which the rates were given as 10% and 20%,
respectively3,13. This low percentage in our
study was associated mainly with the decrease
in use of antibacterial agents in Marmara
University Children’s Hospital.

We also examined the AP-PCR results of rectal
and blood isolates of the candidemic patients in
order to detect the source of blood stream
infection. The C. albicans strains of the first and
second infants from both sites exhibited identical
patterns between the strains and the patients.
This result showed that the source of candidemia
in the two infants was the rectum; this similarity
between the two babies may be related to their
stay in the same ward at the same time (Fig. 1).

Additionally, we investigated the hydrolytic
enzyme activities of the strains in terms of
association with virulence factors and
colonization and/or candidemia. We detected
strong acid proteinase and phospholipase
activities in both colonizing and blood stream
isolates of the four candidemic patients
(Figs. 2b, 3), However, the number of fungemic
patients was too low to make a suggestion
regarding the strains leading to fungemia

because of their high virulence. Although we
have not come across a study which reports any
association between the virulence factors and
colonization or candidemia in preterm babies,
there are several animal experiments which
suggest that besides abundance, the passage of
yeasts to the blood stream from the intestines
requires strong hydrolytic activities in order to
cleave intestinal villi and microvilli20. When we
examined the virulence factors of the isolates
from the non-candidemic but colonized babies
only, the strains obtained from persistent and
probable persistent colonizations exhibited
stronger enzymatic activities compared to the
strains recovered from intermittent and
transient colonizations. However, these results
were not of statistical significance in terms of
association between the virulence factors and
colonization, due to the small sample sizes in
the comparison groups.

In addition to the numbers and the virulence
factors of the colonizing strains, the immune
system of the infected organism is considered
to be very important for the colonization of the
yeasts21. Especially in the infants with
weakened phagocytic activities, the risk for
sepsis is expected to be increased22.

In conclusion, especially for the three patients
with VLBW, we suggest that the candidemia may
have been due to their insufficient immune
systems, accompanied by a long duration of
colonization with the Candida spp. in an increased
amount and with strong hydrolytic activities.

Further studies must be carried out in order to
define the properties of the yeasts which cause
colonization in pre-term babies, in terms of
threshold numbers and virulence factors, and
to determine the correct approach in the
prevention of candidemia in such patients.

Acknowledgement

This study was supported by the Scientific and
Technical Research Council of Turkey.

REFERENCES

1. Reagan DR, Pfaller MA, Hollis RJ, Wenzel RP.
Characterization of the sequence colonization and
nosocomial candidemia using DNA fingerprinting and
a DNA probe. J Clin C Microbiol 1990; 28: 2733-2738.

2. Hedderwick SA, Lyons MJ, Liu M, Vazquez JA,
Kauffman CA. Epidemiology of yeast colonization in
the intensive care unit. Eur J Clin Microbiol Infect Dis
2000; 19: 663-670.

Volume 46 • Number 3 Candidal Colonization in Preterm Infants 249



<---

3. Kaufman D, Boyle M, Hazen KC, Patrie JT, Robinson
M, Donowitz LG. Fluconazole prophylaxis against
fungal colonization and infection in preterm infants.
N Engl J Med 2001; 345: 1660-1666.

4. Vartivarian SE. Virulence properties and nonimmune
pathogenetic mechanisms of fungi. Clin Infect Dis
1992; 14: 30-36.

5. Koneman EW, Roberts GD, Wright SE. The Yeast. In:
eds Practical Laboratory Mycology, 2nd ed. Baltimore:
The Qilliams and Wilkins Co; 1979: 103-117.

6. Ray TL, Payne CD. Comparative production and
rapid purification of Candida acid proteinase from
protein-supplemented cultures. Infect Immun 1990;
58: 508-514.

7. Price MF, Wilkinson JD, Gentry LO. Plate method for
detection of phosphoolipase activity in Candida
albicans. Sabouraudia 1982; 20: 7-14.

8. Lane T, Garcia JR. Phospholipase production in
morphological variants of Candida albicans. Mycoses
1990; 34: 217-220.

9. Thanos M, Schonian G, Meyer W. Rapid identification
of Candida species by DNA fingerprinting with PCR.
J Clin Microbiol 1996; 34: 615-621.

10. Baley JE, Kliegman RM, Boxerbaum B, Fanaroff AA.
Fungal colonization in the very low birth weight infant.
Pediatrics 1986; 78: 225-232.

11. Sims ME, Yoo Y, You H, Salminen C, Walther FJ.
Prophylactic oral nystatin and fungal infections in
very low birth weight infants. Am J Perinatol 1988;
5: 33-36.

12. Saiman L, Ludington E, Dawson JD, et al. Risk factors
for Candida species colonization of neonatal intensive
care unit. Pediatr Infect Dis J 2001; 20: 1119-1124.

13. Voss A, Hollis RJ, Pfaller MA, Wenzel RP, Doebbeling
BN. Investigation of the sequence of colonization and
candidemia in nonneutropenic patients. J Clin
Microbiol 1994; 32: 975-980.

14. Martino P, Girmenia C, Micozzi A, Bernardis F, Boccanera
M, Cassone A. Prospective study of Candida colonization,
use of empiric amphotericin B and development of
invasive mycosis in neutropenic patients. Eur J Clin
Microbiol Infect Dis 1994; 13: 797-804.

15. Samonis G, Gikas A, Toloudis P, et al. Prospective study
of the impact of broad-spectrum antibiotics on the
yeast flora of the human gut. Eur J Clin Microbiol Infect
Dis 1994; 13: 665-667.

16. Girmenia C, Martino P, De Bernardis F, Cassone A.
Assessment of detection of Candida mannoproteinemia
as a method todifferentiate central venous catheter-
related candidemia from invasive disease. J Clin
Microbiol 1997; 35: 903-906.

17. Pappu-Katikaneni LD, Rao KP, Banister E. Gastrointestinal
colonization with yeast species and Candida septicemia in
very low birth weight infants. Mycoses 1990; 33: 20-23.

18. Ormala T, Korppi M, Katila ML, Ojanen T, Heinonen
K. Fungal gut colonization with Candida or
Pityrosporum sp. and serum Candida antigen in
preterm neonates with very low birth weights. Scand
J Infect Dis 1992; 24: 781-785.

19. Guiot HF, Fibbe WE, Wout JW. Risk factors for fungal
infection in patients with malignant hematologic
disorders: implications for empirical therapy and
prophylaxis. Clin Infect Dis 1994; 18: 525-532.

20. Repentigny L, Phaneuf M, Mathieu LG. Gastrointestinal
colonization and systemic dissemination by Candida
albicans and Candida tropicalis in intact and
immunocompromised mice. Infect Immun 1992;
60: 4907-4914.

21. Krause W, Matheis H, Wulf K. Fungaemia and funguria
after oral administration of Candida albicans. Lancet
1969; 7595: 598-599.

22. Xanthou M, Valassi-Adam E, Kintsonidou E,
Matsaniotis N. Phagocytosis and killing ability of
Candida albicans by blood leucocytes of healthy term
and preterm babies. Arch Dis Child 1975; 50: 72-75.

250 Çerikçioðlu N, et al The Turkish Journal of Pediatrics • July -September 2004




