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Abstract 

Background: Fungal infections with high morbidity and mortality in neonatal intensive care unit are 

usually preceded by colonization. We aimed to investigate the prevalence of fungal colonization, 
determine the risk factors and health outcome such as any change in the patient's improvement in 
hospitalized infants of Neonatal Intensive Care Unit (NICU). 

Materials and Methods: This prospective cohort study was conducted on all newborns who were 
hospitalized in Namazee NICU which is the largest neonatal center in Southwestern Iran during the 
six- month period from January to July 2018. The eye, urine, perineum, nose, throat, umbilicus and 
blood were sampled within 72 hours following NICU admission and repeated one week later. Each 
newborn with at least one positive fungi culture from surveillance site was defined as fungal 

colonization. All newborns were categorized into two groups based on results of fungal colonization; 
they were evaluated for baseline perinatal and neonatal characteristic data, probable risk factors (such 
as prior antibiotics, presence of an endotracheal tube and neonatal disease) and health outcomes (cure, 
improvement or death).  Statistical analysis was done using SPSS software (version 22.0).  

Results: From a total of 105 (37 girls, 68 boys) hospitalized newborns in NICU, forty-eight (45.7%) 

of them were colonized by Candida spp. which was the only fungus isolated from the cultures. There 
were significant differences for the level of hemoglobin (p= 0.04) and cardiac diseases (p= 0.04) 
between the two groups of fungal colonization and non -colonized newborns. One-third of the 
newborns that had fungal colonization passed away vs. one-tenth without fungal colonization.  

Conclusion 

Based on the results, there was a 45.7% rate of fungal colonization in hospitalized newborns in NICU. 
Hemoglobin level and cardiac diseases were a risk factor for fungal colonization in these patients. The 

rate of death was approximately three-fold in hospitalized infants with fungal colonization vs. non 
fungi infected.  
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1- INTRODUCTION 

       Fungi are a common cause of 

infections in critically ill infants and play 

an important role in infectious-related 

mortality of neonatal intensive care unit 

(NICU). Neonatal fungal infection is 

firstly preceded by transmission of fungi 

through the passage of birth canal or the 

hands of health care professionals. This 

vertical or horizontal transmission is 

usually the reason of fungal colonization 

and subsequent infection in newborns (1-

3). The most prevalent groups of 

colonizing fungi are Candida species (C. 

spp.), and adherence of C. spp. to the skin, 

mucosa and catheter surface leads to 

colonization (4, 5). Besides properties of 

the fungi, fungal colonization has been 

associated with a wide range of risk 

factors. Newborns’ factors including 

immature lymphocyte and antibody 

systems, moist skin surface, and atopic 

dermatitis, and sometimes necrotizing 

enterocolitis (NEC) predisposes them to 

fungal infections. Newborns with central 

vascular catheter and endotracheal tube 
may be vulnerable to fungal infections.  

Different studies have demonstrated 

relationships between usages of 

medications such as antibiotics, histamine 

2 antagonists and post-natal steroids with 

fungal colonization in NICU hospitalized 

newborn. Intravenous infusates such as 

parental nutrition and lipid emulsions may 

transmit the fungi directly to blood 

circulation (5-11). Most fungal 

colonization occurs by 2 weeks of life in 

newborns. Among candida spp., candida 

albicans is the most prevalent species that 

is present in 50 to 97% of very low birth 

newborns. Candida is the second most 

frequent species associated with the 

presence of a central venous catheter, 

using histamine 2 antagonists and 

cephalosporin in newborns. Candida 

glabrata affects the low birth newborns 

with NEC. Other candida species reported 

to cause sepsis in low birth weight (LBW) 

infants include candida tropicalis, candida 

krusei, candida lusitaniae, candida 

guilliermondii, and candida. Dubliniensis 

(1, 12, 13). Despite improvements in the 

survival rates of high risk infants, fungal 

colonization remains an important 

contributing factor to neonatal morbidity 

and mortality. The aims of this study were 

to investigate the prevalence of fungal 

colonization, determine the risk factors and 

health outcome in the infected infants in 
NICU in Southwestern Iran.  

2- MATERIALS AND METHODS 

2-1. Method 

       This prospective cohort study was 

conducted in Namazee NICU, which 

is the largest neonatal care center in 

Fars province, Southwestern Iran. All 

newborns who were hospitalized in 

NICU during the six- month period 

from January to July 2018 were 

included in this study. This study was 

approved by the Ethics Committee of 

Shiraz University of Medical Sciences 
(IR.SUMS.REC.1395.S411).  

The design and objectives of the study 

were explained to the neonates’ parents, 

and written informed consent was obtained 

from the parents who were willing to 

participate in the study. A trained nurse 

filled out a researcher made questionnaire, 

recorded the information for laboratory 

data and obtained results of fungal cultures 

from surveillance site in all newborns. 

Then, the newborns were categorized into 

two groups based on positive or negative 

fungal colonization, they were evaluated 

for baseline characteristic data, probable 

risk factors and health outcomes.   

2-2. Researcher made Questionnaire  

The researcher made questionnaire was 

categorized into three parts and filled out 

via face-to-face interviews with the 

newborns’ parents and reading the 

newborns’ medical chart in the hospital. 

Three parts of the questionnaire were 
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baseline characteristics, probable fungal 

risk factors and health outcome. The first 

part included five questions about  birth 

date, gestational age, sex, age of 

admission, and birth weight; the second 

part included information for fifteen items 

consisting of mode of delivery (cesarean 

section or vaginal delivery), NEC, cardiac 

disease, premature rupture of membrane 

(PROM) more than 18 h in the mother, 

dwelling central venous catheter, 

endotracheal intubation, rescue history, 

hospitalization duration, chest tube, blood 

transfusion, type of antibiotic therapy, 

phototherapy, use of antibiotics 

(vancomycin, carbapenems, third-

generation of cephalosporin),  use of 

ranitidine and multiple antibiotic (≥3 types 

of antibiotics); the third part was used to 

obtain information for three newborns, 

outcome including  cure, improvement 

with transfer to the ward or death. 

2-3. Laboratory tests and fungal 

colonization 

Laboratory tests including complete blood 

count (CBC) and C-reactive protein (CRP) 

were measured at the time of the 

newborns’ admission. The eye, urine, 

perineum, nose, throat, umbilicus and 

blood were sampled within72 h following 

NICU admission and repeated one week 

later. Sampling techniques were 

standardized across the sites. In brief, 

standard sterile red-top culture swabs were 

used to sample the eye, nose, throat, 

perineum (just anterior to the anus) and 

umbilicus as well as using catheter for 

urine specimen. The fungi were isolated 

from the blood cultures, using the Bactec. 

All the samples were transported to 

Professor Alborzi Clinical Microbiology 

Research Center, placed on Sabouraud 

dextrose agar (Merck, Darmstadt, 

Germany), and incubated at room 

temperature (24 °C) for 7 days. The purity 

of the isolated species was evaluated by 

culturing on potato dextrose agar (OXOID 

LTD, Basingstoke, Hampshire, England). 

The identification of candida strains was 

performed using germ tube and by PCR-

RFLP analysis using ITS region, ITS1 5′ -

TCC GTA GGT GAA CCT GCG G-3′ and 

ITS4 5 ′ -TCC TCC GCT TAT TGA TAT 

GC-3 ′ and the restricted enzyme MspI 

(Thermo Scientific, USA) (15). Candida 

parapsilosis ATCC 22019 were used as 

controls. Each newborn had had repeat 

sampling from 7 sites; the fungal 

colonization was defined based on the 

isolation of a fungal species from at least 

one surveillance site. 

2- 4. Inclusion and exclusion criteria 

Eligible study participants included 

hospitalized neonates in NICU, born 

between January and July 2018, alive till 

14 days old, whose parents gave required 

information for the study. The cases with 

incomplete fungal sampling and lacking 

exact information were excluded. 

2-5. Statistical analysis  

Chi-square, independent sample t-test and 

Mann-Whitney test were used to determine 

the frequency, mean and compare the 

mean of fungal colonization with risk 

factors. Analyses were conducted using 

SPSS, version 22.0 (SPSS Inc., Chicago, 

IL, USA) and statistical significance was 
set at p<0.05. 

3- RESULTS 

       A total of 105 (37 girls, 68 boys) 

newborns hospitalized in NICU with an 

age range of 1 day to 90 days (mean 

12.58± 13.44 days) were studied. The 

mean of newborns’ birth weight was 

2516± 823 g, twenty-one (20%) were ≤ 

1500 g, and 84 (80%) were more than 

1500 gr. The median duration of NICU 

admission was 16.46± 10.77 days. Forty-

eight out of 105 newborns (45.7%) were 

colonized by candida spp. which was the 

only fungus isolated from the cultures. 

Table.1 represented the baseline data and 

laboratory results in patients with fungal 
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colonization as compared to their non-

colonized newborns; the level of 

hemoglobin between the two groups was 

significantly different. There was no 

association between birth weight ≤ 1000 g 

and gestational age < 32 weeks with fungal 

colonization (p= 0.8 and p= 0.06, 

respectively). The frequency of probable 

risk factors in newborns with and without 

fungal colonization is shown in Table.2. 

Fungal colonization had a significant 

positive correlation with newborn’s 

cardiac disease (p= 0.04, r= 0.2), while it 

showed a negative correlation with 

endotracheal intubation (p= 0.03, r= -0.2) 

(Table.2). The type of cardiac diseases 

among 52 newborns that had identified 

abnormality in echocardiography includes: 

patent ductus arteriosus (PDA) in 38 

(73%), ventricular and septal defect each 

in 18(34.6%), coarctation of the aorta in 

3(5.8%), Tetralogy of Fallot in 2(3.8%), 

transposition of the great arteries and 

double outlet right ventricle each in 

1(1.9%) newborn. All hospitalized 

newborns were treated with multiple 

antibiotics (≥3 types of antibiotics); 

therefore, we cannot compare this factor 

between our two studied groups. Among 

1,570 surveillance specimens for fungal 

culture in all hospitalized newborns, 140 

were positive for candida spp. The most 

frequency observed was candida albicans 

76(54.3%), followed by candida 

parapsilosis 34(24.3%), candida famata 11 

(7.9%), candida glabrata10 (7.1%), and 

candida kefyr9 (6.4%). Early colonization 

within 72 h following admission occurred 

in 134 (95.7%) newborns and one week 

later in 6 (4.3%). Out of 140 samples for 

fungal colonization, the risk of infection 

was highest for perineum colonization 

(n=56, 40%), followed by throat (n=30, 

21.4%), urine (n=25, 17.9%), nose (n=14, 

10%), eye (n=8, 5.7%), and umbilicus 

(n=6, 4.3%); however, one newborn 

(0.7%) showed growing of fungi in the 

blood. Out of 48 newborns with fungal 

colonization, multiple-site fungal 

colonization (two or more sites) was 

detected in 29 infants (60.4%). One-third 

of the newborns with fungal colonization 

passed away vs. one- tenth without fungal 

colonization. As shown in Table.3, health 

outcome had a significant correlation with 

fungal colonization in the NICU 

hospitalized newborns (p= 0.02).  

 
    

Table-1: Demographic data and baseline laboratory results in the study groups with and without 
fungal colonization (n=105) 

 

 

Characteristics 

Mean ± SD  

P- value Cases with 

fungal colonization, n=48 

Mean ± SD 

Cases without 

fungal colonization, n=57 

Mean ± SD 

Gestational age (week) 35.35± 4.43 35.75± 3.60 0.61 

Age (days) 14.37± 16.65 11.07± 9.88 0.09 

Birth weight (g) 2508.75±844.24 2522.2±812.81 0.93 

Gender, n (%) 

Female 

Male  

 

20(41.6%) 

28(58.4%) 

 

17(29.8%) 

40(70.2%) 

 

0.20 

Duration of admission (days)  17.43± 10.52 15.64± 11.01 0.40 

White blood cell(cell/mm3) 10738± 4760 10470± 5055 0.72 

Platelet(cell/mm3) 218857±150923 22322±124396 0.81 

Hemoglobin( g/dL) 11.26± 2.96 12.27± 2.23 0.04* 

C-reactive protein 10.47± 15.50 7.03± 6.57 0.13 

* Significant correlation; SD: Standard deviation. 
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Table-2: The frequency of probable risk factors in NICU newborns with and without fungal 
colonization (n=105) 

 

Variables  

Number  

P- value 
Cases with fungal colonization, 

n=48  

Number (%) 

Cases without fungal colonization, 

n=57  

Number (%) 

Type of delivery 

Cesarean section 

Vaginal  delivery 

 

33(68.7) 

15(31.3) 

 

45(78.9) 
12(21.1) 

 

0.23 

Necrotizing enterocolitis 

Yes 

No 

 

1(2) 

47(47) 

 

5(8.8) 

52(91.2) 

 

0.14 

Cardiac disease 

Yes 

No 

 

29(60.4) 

19(39.6) 

 

23(40.4) 

34(59.6) 

 

0.04* 

Premature rupture of membrane 

Yes 
no 

 

1(2) 
47(47) 

 

3(5.3) 
54(94.7) 

 
0.33 

Endotracheal intubation 

Yes 

No 

 

1(2) 

47(47) 

 

8(14) 

49(86) 

 

0.02* 

Resuscitation history 

Yes 

No 

 

28(58.3) 

30(41.7) 

 

20(35) 

37(65) 

 

0.39 

Chest tube 

Yes 

No 

 

4(8.3) 

44(91.7) 

 

3(5.3) 

54(94.7) 

 

0.53 

Phototherapy 

Yes 

No 

 

12(25) 

36(23) 

 

20(35) 

37(65) 

 

0.26 

Continuous positive airway 

pressure (CPAP) 

Yes 

No 

 

 

7(14.6) 

41(85.4) 

 

 

8(14) 

49(86) 

 

 

0.93 

Hood oxygen mask 

Yes 

No 

 

22(45.8) 

26(54.2) 

 

29(50.8) 

28(49.2) 

 

0.60 

Umbilical catheter  
Yes 

No 

 
5(10.4) 

43(89.6) 

 
7(12.3) 

50(87.7) 

 
0.47 

Packed cell transfusion 

Yes 

No 

 

32(66.6) 

16(33.4) 

 

34(59.7) 

23(40.3) 

 

0.45 

Fresh frozen plasma transfusion 

Yes 

No 

 

7(14.6) 

41(85.4) 

 

11(19.3) 

46(80.7) 

 

0.52 

Apgar score of the first minute 

<7 

7-10 

 

14(29.1) 

34(70.9) 

 

16(28) 

41(72) 

 

0.90 

Apgar score of the fifth minute 

<7 

7-10 

 

8(16.6) 

40(83.4) 

 

8(14) 

49(86) 

 

0.70 

Total parenteral nutrition 

Yes 

No 

 

29(60.4) 

19(39.6) 

 

37(64.9) 

20(35.1) 

 

0.37 
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Ranitidine treatment 

Yes  

No  

 

37(77) 

11(23) 

 

47(82.5) 

10(17.5) 

 

0.49 

Third-generation cephalosporin 

treatment  

Yes 

No 

 

 

19(39.6) 

29(60.4) 

 

 

15(26.3) 

42(73.7) 

 

 

0.08 

Vancomycin treatment 

Yes 

No 

 

36(75) 

12(25) 

 

36(63.2) 

21(36.8) 

 

0.20 

Meropenem treatment 

Yes 

No 
 

 

31(64.6) 

17(35.4) 

 

29(50.8) 
28(49.2) 

 

0.15 

  * Significant correlation. 

 

 

  Table-3: Health outcome in hospitalized newborns with and without fungal colonization (n=105) 

 

Variables  

Outcome  

P-value Discharge 

Number (%) 

Improvement 

Number (%) 

Death 

Number (%) 

Cases with fungal colonization, n=48 23(47.9) 9(18.8) 16(33.3) 
0.02 

Cases without fungal colonization, n=57 41(72) 8(14) 8(14) 

 

4- DISCUSSION 

       In this prospective study, we screened 

105 newborns in the NICU for fungal 

colonization; the prevalence rate was 

45.7%. This finding is higher than the data 

reported in a literature review of fugal 

colonization occurring in NICU setting (8, 

14, 15). Benjamin et al., described the 

profile of fungal colonization with a 

prevalence of 68%; this high rate is in 

preterm neonates weighing less than 1500g 

admitted to NICU.16In a multicenter cohort 

study of six NICUs, Saimanet al., showed 

the prevalence of 23% (486 of 2157 

infants) for candida spp. colonization in 

New York, USA (16). Farmaki et al. 

reported the rate of 12.1% fungal 

colonization in the NICU of Greece and 

Ali et al. revealed 12.8% candida 

colonization among 102 preterm newborns 

in Saudi Arabia (8, 18); lower rates are 

probably due to small surveillance fungal 

cultures from the mouth, rectum, and 

trachea in Greece and the mouth, 
umbilicus and anus in a further study.  

The variation of fungal colonization 

strongly depends on hand hygiene, the use 

of routine antifungal and antiseptic 

measures applied in NICU setting (18).  

Fungal colonization was unrelated to 

gestational age, newborn’s age, birth 

weight, gender and duration of ICU 

admission. In contrast to our study, Saiman 

et al., showed that birth weight ≤ 1000 g 

and gestational age < 32 weeks were 

associated with fungal colonization (17). 

The level of hemoglobin tends to be a risk 

factor for the development of fungal 

colonization in our study (p = 0.04). 

Fletcher et al., found patients with iron 

deficiency anemia are at higher risk for 

growth of candida due to impaired 

lymphocyte function (20). Chandra and 

Grace reported that iron deficiency anemia 

leads to impairment of lymphocyte 

response to mitogens and antigens, it also 

prevents polymorphonuclear leukocytes 

for efficient killing of ingested fungi (21). 

Although we did not have the facilities to 

check for type of anemia related to amount 

of hemoglobin, anemia possibly via 
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decreased immune defense increased the 

fungal colonization. This study 

demonstrates an inverse correlation 

between endotracheal intubation and 

fungal colonization. Among 9 studied 

newborns with endotracheal intubation, 

only one case (11.1%) presented with 

fungal colonization. It is reported that 

endotracheal fungal colonization is present 

in approximately 6.5% of full-term and 8.3 

to 11% of low-birth-weight (LBW) 
intubated infants (22, 23).  

This study found a number of variables 

that were not associated with fungal 

colonization, including premature rupture 

of membranes, NEC, phototherapy, 

catheters, total parenteral nutrition, broad-

spectrum antibiotics, Apgar score, and 

blood transfusion. It is recommended that 

these factors should be considered in a 

sample of large hospitalized infants in 

NICU. The presence of cardiac disease in 

the recruited hospitalized newborns 

established a causal relationship with 

fungal colonization. High colonization 

may occur in critically ill infants with 

cardiac disease due to the increased 

physical assessment of the newborn, more 

handling of central and peripheral 

intravenous lines accompanied with 
numerous drugs administration.  

We suggest that newborns with cardiac 

disease are likely to benefit from 

prophylaxis of fungal treatment in NICU. 

PDA was the most commonly observed 

disease in our newborns, there are reports 

of influence of infection on risk of late 

ductal closure or closure failures in the 

patients with PDA (24). Candida spp. 

constitutes the bulk of fungi reported in 

NICU patients; their species distribution 

has been shown to be various in different 

geographical areas. The present study 

showed candida albicans was the most 

frequent (54.3%) fungi, followed by 

candida parapsilosis 34 (24.3%), candida 

famata11 (7.9%), candida glabrata 10 

(7.1%), and candida kefyr 9 (6.4%).  

In a study on preterm babies admitted to 

NICU in India, Mendiratta et al. have 

reported isolation of candida albicans 

(45.9%) followed by candida glabrata, 

candida tropicalis (21.6% each), and 

candida parapsilosis (8.1%) (25). The 

incidence of vaginal fungal colonization 

has been reported to be 25 to 46% during 

pregnancy in which 85 to 90% occur due 

to candida albicans (26, 27), therefore, 

treatment of pregnant women may 

decrease the vertical transmission of this 

fungi to the fetus delivered. Candida 

colonization is also acquired horizontally 

from the hands of the health care workers 

particularly for candida parapsilosis (28), 

so careful attention to hand washing is 

needed in NICU setting. The rate of 

candidemia was 0.95% (1 in 105) in the 

studied newborns which is lower than the 

data reported in Asia (4–7.7%) and Europe 

(1.1–1.3%) (29-31).  

Our single male newborn with candidemia 

had a birth weight of 1000 g, gestational 

age of 30 weeks, colonization of candida 

albicans in the throat, anus and blood as 

well as hemoglobin 9 g/dL.  However, 

colonization is distinct from infection, and 

most colonized patients do not become ill 

with fungal infections. The observed 

prevalence of cesarean section in our study 

was 74%; some authors described that 

neonates born by cesarean section are at 

less risk for early colonization than those 

delivered vaginally, in contrast to the 

results of our study (6, 8). In this study, we 

collection the samples from seven sites 

(the perineum, throat, urine, nose, eye, 

umbilicus and blood); the most affected 

colonization sites were perineum 40%, 

throat 21.4% and urine 17.9%. Similar to 

our study, others have indicated the throat 

and perineum as dominant surveillance 

cultures (32). The majority of our patients 

(96.7%) had colonization within the first 

72 h in the NICU, indicating that new 

colonization had occurred in a minority of 

patients after this time. One study reported 
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that initial screening in the first week of 

hospitalization detected 10% of the cases, 

and 64% of them were missed for up to 4 

weeks (33). This study showed the rate of 

death is 3 times higher in hospitalized 

infants with fungal colonization vs. non 

fungal infected newborns. Preventing 

fungal colonization by increasing 

awareness about the high incidence of 

fungal colonization among pregnant 

mothers and encouraging the NICU staff 

for precise hand washing leads to better 

outcome of the newborns. 

4-1. Study Limitations  

A potential limitation of this report was its 

one center study but it could be employed 

to minimize disparities in diagnostic tests, 

result of fungal cultures and therapeutic 

decision making. 

5-CONCLUSION 

      Based on the results, the prevalence of 

fungal colonization in NICU hospitalized 

newborns was 45.7 percent. Candida spp. 

has been proved to be the most frequent 

fungi in NICU; the level of hemoglobin 

and cardiac disease in the newborns had 

correlation with fungal colonization. The 

rate of death was is 3 times higher in 

hospitalized infants with fungal 

colonization vs. non fungal infected 

newborns.  
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