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   BACKGROUND AND SIGNIFICANCE 

 Preterm infants are more vulnerable to fungal infec-
tions than full-term infants because of their imma-
ture immune systems and poorly developed epithe-
lial skin and mucosal barriers, as well as the high 
rate of invasive procedures such as central venous 
catheter insertion and intubation.  Candida  spp has 
emerged as a common cause of infections in preterm 
infants admitted to the neonatal intensive care unit 

(NICU). In very low birth-weight (VLBW) infants 
(below 1500 g),  Candida albicans  is the third most 
common cause of neonatal late-onset sepsis, which 
occurs after the first 72 hours of life. 1  Invasive can-
didal infections are associated with a significant risk 
of death, neurodevelopmental impairment, and 
increased healthcare costs. Because  Candida  spp is a 
major cause of mortality and morbidity in preterm 
infants, prophylaxis with antifungal agents in pre-
mature infants or those with extremely or very low 
birth-weight (ELBW or VLBW) has been suggested 
by some experts and hospital policy. The Infectious 
Diseases Society of America guidelines recom-
mended the use of intravenous or oral fluconazole 
prophylaxis 3 to 6 mg/kg twice weekly for 6 weeks 
in neonates with birth weights less than 1000 g in 
nurseries with high rates ( > 10%) of invasive candi-
diasis. 2  The overall incidence of candidiasis in the 
NICU appears to decrease with the increased use of 
fluconazole prophylaxis in ELBW infants. 3  ,  4  Our 
institution has used fluconazole prophylaxis for pre-
mature infants since 2014. 

  Although fungal infections other than those caused 
by  Candida  species are uncommon, the incidence of 
noncandidal fungal infections, including  Malassezia  
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spp, appears to be increasing in preterm infants. 
 Malassezia furfur  is one species that mainly colonizes 
the skin and occasionally the respiratory tract and may 
cause neonatal infections. 5  ,  6  It requires exogenous 
long-chain fatty acids for growth, which may explain 
the associated risk of this infection in premature infants 
who receive intralipid emulsions. 7   Malassezia  spp may 
cause fungemia, localized infections such as pneumo-
nia, or severe systemic infections, especially in immu-
nocompromised and premature infant hosts. 8-12  There-
fore, they may result in significant mortality and 
morbidity in preterm infants. In 1981, the first case of 
a neonatal  Malassezia  spp infection was reported in a 
preterm infant receiving intralipid emulsion therapy. 13  
Ilahi et al 14  described a  Malassezia  spp outbreak in neo-
nates that stopped after infection control measures, 
including the prohibition of a lipid-rich moisturizing 
hand cream used by the healthcare staff, were 
implemented. 

 Since 2014, several cases of catheter-related  M fur-
fur  colonization have emerged in the NICU of Kaoh-
siung Chang Gung Memorial Hospital (KCGMH). 
During the same period,  Malassezia  spp did not 
emerge in other intensive care units of our hospital. 
The cluster has been consecutively investigated by the 
Department of Infection Control. In addition to hand 
hygiene measures, further surveillance involving envi-
ronment, equipment, and medical staff was con-
ducted. The cases were considered endogenous infec-
tions or colonization. According to literature review, 
risk factors related to  M furfur  colonization or infec-
tion have been well described, including prematurity, 
receipt of intralipid emulsions, and administration of 
broad-spectrum antibiotics. However, the risk factors 
remained the same as before but catheter-related  M 
furfur  colonization has emerged since 2014. As a 
result, we assumed that other factors related to clini-
cal practice were associated with this kind of fungal 
outbreak in our NICU. This outbreak is worth paying 
attention because  M furfur  may cause invasive fungal 
infection as previously reported. 8-10  

 Here we report our first clinical investigation of 
 M furfur  catheter-related colonization or infection 
and candidemia trends in our NICU over the past 
decade. This study focused on fungal bloodstream 
infections and aimed to evaluate the benefit and 
harm of fluconazole prophylaxis.   

 METHODS 

 We collected data from the patient database of the 
NICU of KCGMH including those with bloodstream 
fungal infections or colonization via peripheral cen-
tral venous catheter (pCVC) tip and blood cultures. 
The institutional review board (IRB) of the Chang 
Gung Medical Foundation approved this retrospec-
tive, descriptive study of all medical information 
with IRB approval. All medical records were anony-
mized and de-identified prior to the analysis. 
KCGMH is a medical center in southern Taiwan 
with a 30-bed NICU. The average number of NICU 
inpatients was 781 per year, which was the highest 
census of NICUs in southern Taiwan from 2005 to 
2016. Prophylactic fluconazole (6 mg/kg per dose 
every 72 hours) has been routinely administered to 
the neonates in our NICU with a birth weight less 
than 1000 g or 1000-1250 g with pCVC since 2014 
to prevent fungal infections. The clinical practice of 
our NICU requires that each pCVC removed from 
patients be subjected to tip culture, especially in 
cases of difficult removal, discharge, or erythema-
tous changes at the insertion site. The blood sample 
is cultured in lipid-enriched fungal medium, and the 
BacT/Alert system is implemented by adding lipid 
substrates to increase the method sensitivity. 

 We conducted this retrospective, descriptive study 
of medical records from April 2005 to October 
2016. During these years, patients were included if 
 Candida  species, yeast-like organisms, or  Malassezia  
species were cultured from the pCVC tip or a blood 
culture. All cases were recorded with their clinical 
manifestations and demographic characteristics, 
including gestational age, birth weight, lipid infu-
sion duration, prophylactic antifungal agent receipt, 
broad-spectrum antibiotic use, and hospitalization 
outcomes.   

 RESULTS 

 Eight cases of candidemia were reported between 
2005 and 2013. Blood cultures revealed  C albicans  
in 7 of the 8 cases and  Candida parapsilosis  in 1 case. 
The characteristics of the 8 cases of candidemia are 
shown in  Table 1 . The gestational age of the 8 cases 
was 28.3  ±  6.3 weeks (mean  ±  standard deviation) 
and birth weight was 1570.6  ±  1236.4 g. All had 
pCVC with broad-spectrum antibiotic treatment 
and lipid infusion supplementation. No neonates 
received prophylactic fluconazole. All had invasive 
candidal infections with sepsis; 2 infants died.  

 We also obtained data including 19 cases of cath-
eter-related  M furfur  colonization and 1 case of  M 
furfur  fungemia between 2014 and 2016. The char-
acteristics of the 20 cases are described in  Table 2 . In 
the 19 cases of  M furfur  colonization, the male 
to female ratio was 9:10. The gestational age was 

  What This Study Adds  
   • Prophylaxis with antifungal agents in premature 

infants effectively diminishes the invasive candidal 
infection, which is one of the major causes of mortality 
and morbidity in preterm infants.  

    • Malassezia furfur  remains a potential concern for 
fungemia in the care for premature infants and thus 
requires our attention.    
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 TABLE 1.      Characteristics of 8 Cases of Candidemia    

 Sex GA, wk BBW, g 
Duration of 
SMOF, a  d 

Broad-Spectrum 
Antibiotics 

Prophylactic 
Fluconazole b  

 Candida  spp of 
the Blood Culture Mortality 

 1  F 29  +  1 1260 12 Yes Nil  C albicans  Survival 

 2  M 40  +  2 4000 8 Yes Nil  C albicans  Survival 

 3  F 24  +  1 725 4 Yes Nil  C albicans  Expired 

 4  M 23  +  3 670 23 Yes Nil  C albicans  Survival 

 5  M 27  +  2 1150 32 Yes Nil  C parapsilosis  Survival 

 6  F 37 3000 15 Yes Nil  C albicans  Survival 

 7  M 25  +  3 910 4 Yes Nil  C albicans  Survival 

 8  F 25  +  4 850 49 Yes Nil  C albicans  Expired 

   Abbreviations: BBW, birth body weight; F, female; GA, gestational age; M, male; SMOF, soybean oil, medium-chain triglycerides, olive oil, 
and fi sh oil.    
 a Lipid infusion routinely used at our neonatal intensive care unit.    
 b Prophylactic fl uconazole: 6 mg/kg every 72 hours.   

 TABLE 2.      Characteristics of 20 Cases of Catheter-Related  Malassezia furfur  Colonization or 
Fungemia  

 Sex GA, wk BBW, g 
Duration of 
SMOF, a  d 

Broad-Spectrum 
Antibiotics 

Prophylactic 
Fluconazole b  

Culture of 
 M   furfur  Outcome Mortality 

 1  F 27 880 18 Yes Yes pCVC tip Unaffected Survival 

 2  M 28  +  3 1080 38 Yes Yes pCVC tip Unaffected Survival 

 3  M 28  +  5 1140 9 Yes Nil pCVC tip Unaffected Survival 

 4  M 27  +  6 920 23 Yes Yes pCVC tip Unaffected Survival 

 5  F 27  +  5 710 30 Yes Yes pCVC tip Unaffected Survival 

 6  F 26  +  3 780 44 Yes Yes pCVC tip Unaffected Survival 

 7  M 28 770 48 Yes Yes pCVC tip Unaffected Survival 

 8  M 31 1420 28 Yes Yes pCVC tip Unaffected Survival 

 9  F 27  +  6 910 33 Yes Yes pCVC tip Unaffected Survival 

 10  M 25  +  3 760 32 Yes Yes pCVC tip Unaffected Survival 

 11  M 26  +  4 840 49 Yes Yes pCVC tip Unaffected Survival 

 12  F 29  +  1 1215 64 Yes Yes pCVC tip Unaffected Survival 

 13  F 26  +  3 990 27 Yes Yes pCVC tip Unaffected Survival 

 14  F 27 680 102 Yes Yes pCVC tip Unaffected Survival 

 15  M 24  +  5 660 62 Yes Yes pCVC tip Unaffected Survival 

 16  M 28  +  6 1170 48 Yes Yes Blood Affected c  Survival 

 17  M 29  +  2 1090 52 Yes Yes pCVC tip Unaffected Survival 

 18  F 29  +  3 1320 62 Yes Yes pCVC tip Unaffected Survival 

 19  F 31  +  1 1260 25 Yes Yes pCVC tip Unaffected Survival 

 20  M 24  +  3 800 47 Yes Yes pCVC tip Unaffected Survival 

   Abbreviations: BBW, birth body weight; F, GA, gestational age; female; M, male; pCVC, percutaneous central venous catheter; SMOF, 
soybean oil, medium-chain triglycerides, olive oil, and fi sh oil.    
 a Lipid infusion routinely used at our neonatal intensive care unit.    
 b Prophylactic fl uconazole: 6 mg/kg every 72 hours.    
 c Longer stay with longer total parenteral nutrition support due to feeding intolerance during the period of invasive infection and 
subsequently with higher healthcare costs.   
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27.3  ±  2.0 weeks and birth weight was 959.2  ±  
229.8 g. Twelve neonates were ELBW ( < 1000 g), 
whereas the other 7 were VLBW (1000-1500 g). 
Prophylactic fluconazole was administered to all but 
one patient, whose birth weight was 1140 g and who 
did not undergo central catheter placement immedi-
ately after birth. Lipid infusion was used in all neo-
nates for a duration of 9 to 102 days. All underwent 
phototherapy for neonatal jaundice.  

 In all 20 cases, the only case of  M furfur  fungemia 
was treated with amphotericin B (1 mg/kg/d). For the 
other 19 neonates with positive tip cultures and nega-
tive blood culture, the initial management included 
pCVC removal. Eight of the 19 neonates remained on 
fluconazole at a prophylactic dose. In 7 of the 19 neo-
nates, the prophylactic fluconazole dose was changed 
to a treatment dose (12 mg/kg/d). Four of the 19 neo-
nates were administered amphotericin B (1 mg/kg/d). 

 Regarding the outcomes of the 19 cases with posi-
tive tip culture results, we reviewed the results of the 
blood cultures, manifestations of  M furfur  infection, 
and mortality rates. There was no fungemia or clini-
cal manifestations of  M furfur  infection, including 
localized infection and fungemia-related symptoms 
observed in the 19 cases. The only case of  M furfur  

 FIGURE 1 

 Investigation of catheter-related  Malassezia furfur  colonization in our neonatal 
intensive care unit. Our findings revealed that, since 2014, the incidence of 
candidal fungemia has decreased and that of  M furfur  colonization has 
increased. SMOF, soybean oil, medium-chain triglycerides, olive oil, and fish 
oil; LED, light-emitting diode; NICU, neonatal intensive care unit. 

fungemia presented some nonspecific symptoms 
including apnea, bradycardia, and thrombocytope-
nia. This case required a longer duration of total 
parenteral nutrition support due to feeding intoler-
ance during the period of the invasive infection and 
subsequently had higher healthcare costs. Ultimately, 
all 20 neonates survived and were discharged. 

 In the investigation of the catheter-related  M furfur  
colonization or infection in our NICU, some possi-
bly related factors were also reviewed, including soy-
bean oil, medium-chain triglycerides, olive oil, and 
fish oil (SMOF), which is used as the routine lipid 
infusion in our NICU, the evolution of the photo-
therapy, and the clinical practice of the prophylactic 
fluconazole ( Figure 1 ). First, we found that intrafat, 
which contains soybean oil and medium-chain tri-
glycerides, was used for the lipid infusions before 
May 2011 in our NICU. Since 2011-2012, the intra-
fat was replaced by a combination of oils (SMOF) 
that are good for brain and retina development in 
prematurity. However, SMOF also contains olive oil, 
which is an important growth factor for  M furfur.  15  
Furthermore, SMOF is used as a lipid emulsion only 
in the NICU of our hospital. In contrast, a lipid 
emulsion without olive oil has been used in our adult 
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ICU, in which no cases of  M furfur  colonization or 
infection have been observed.  Figure 1  shows that  M 
furfur  colonization or infection emerged after SMOF 
was first used as routine lipid infusion at our NICU. 
Second, we found that the phototherapy light sources 
in our NICU had changed in recent years. Since 
2014, light-emitting diodes (LEDs) have replaced 
fluorescent tubes for phototherapy since the nar-
rower wavelength provides better treatment of neo-
natal jaundice. On the contrary, compared with the 
fluorescent tubes, the power consumption and heat-
ing caused by super LEDs are very low. 16  ,  17  Photo-
therapy using LEDs might reduce insensible water 
loss in neonates and preserve the environmental 
humidity.  Malassezia furfur  colonization or infection 
has emerged since LEDs were widely used ( Figure 1 ). 
Third, both ELBW infants (birth weight  < 1000 g) 
and VLBW infants (1000-1250 g) who underwent 
central venous catheter placement were administered 
prophylactic fluconazole after 2014 in our NICU. 
 Figure 1  shows that there have been no cases of can-
didemia in our NICU since 2014 and that the num-
ber of candidemia infections has reduced. In con-
trast,  M furfur , which had never been previously 
identified in culture, has emerged since then.    

 DISCUSSION 

  Candida  species are important hospital-acquired 
pathogens in NICU patients. Because of the poor 
clinical outcomes of neonates with candidemia, we 
modified the recommendations of the Infectious Dis-
eases Society of America and set our own guidelines 
according to the clinical conditions, although the rate 
of invasive candidiasis in our NICU did not exceed 
10%. On the basis of our study and literature review, 
we concluded that the use of prophylactic fluconazole 
reduced the incidence of invasive candidal infection in 
ELBW infants who are at high risk of systemic fungal 
infection. However, concerns regarding the short- and 
long-term safety of antifungal prophylaxis remain 
unresolved. 18  Data regarding the long-term outcomes 
of prophylactic fluconazole use are limited because of 
short follow-up periods and small case numbers. 

 Our study revealed that the use of prophylactic 
fluconazole for preventing invasive candidal infec-
tion in preterm infants may enhance selective pres-
sure for other fungal growth, including  Malassezia  
spp. Al-Sweih et al 19  observed that the use of prophy-
lactic fluconazole resulted in decreased fungal infec-
tion rates but increased rates of resistant  Malassezia 
pachydermatis . Chen et al 20  also described that there 
was a decrease in the total fungal infection rate after 
fluconazole prophylaxis for VLBW neonates but the 
infections of fluconazole-resistant  M pachydermatis  
increased. Studies of antifungal susceptibility of  Mal-
assezia  species found that high minimum inhibitory 
concentrations (MICs) for azole drugs tested were 

for  M furfur . High MICs ( ≥ 8  μ g/mL) and wide MIC 
ranges ( ≤ 0.125 to   >  64  μ g/mL) were obtained with 
fluconazole, whereas ketoconazole, itraconazole, 
and voriconazole were the most active drugs against 
 Malassezia  species. 21  Thus, the routine use of pro-
phylactic fluconazole combined with the potential 
risk factors of prematurity might lead to resistant 
strains related to  M furfur  colonization. 

  Malassezia  spp are lipophilic yeasts;  M furfur  is 
one of 14 species. They are associated with a wide 
spectrum of clinical manifestations ranging from 
benign skin conditions to invasive fungemia in 
immunocompromised hosts. All of our 20 neonate 
cases shared the same risk factors of  M furfur  colo-
nization and infection, including prematurity, 
increased NICU length of stay, receipt of intralipid 
emulsions, central venous catheters, and administra-
tion of broad-spectrum antibiotics. 7  ,  22-27  According 
to these features of the  Malassezia  spp, we assumed 
that our clinical factors, SMOF rich in olive oil and 
LED phototherapy to preserve humidity, might be 
correlated with the phenomenon of  M furfur  emer-
gence in our NICU ( Figure 1 ). Limited studies 
describe the relationship between phototherapy and 
the incidence of  M furfur . Further studies with lon-
ger study periods and more cases are needed. 

 Regarding the management of cases of  M furfur  
colonization and infection, catheter-related  Malas-
sezia  infections are usually treated with catheter 
removal, discontinuation of the lipid infusion, and 
the administration of antifungal therapy. 28  However, 
there are reports of successful eradication of infec-
tion with antifungal therapy without catheter 
removal and with catheter removal without systemic 
antifungal treatment. 29  ,  30  Based on our study and the 
literature review, 29  whether antifungal agents admin-
istered or not, catheter removal and discontinuation 
of intravenous lipids generally produce a favorable 
outcome in neonates with catheter-related  M furfur  
colonization. For fungemia with  M furfur , ampho-
tericin B treatment is recommended because of the 
potential risk of mortality and morbidity. 

 The limitations of this study include its small case 
number and a short investigation period, which pre-
vented further analysis of the factors contributing to 
the phenomenon of  M furfur  colonization, including 
antibiotic resistance. Moreover, selection and infor-
mation bias might have been introduced by the 
study’s retrospective nature. 

 In conclusion, here we observed that candidemia 
subsided after the routine use of prophylactic fluco-
nazole; however,  M furfur  colonization gradually 
emerged. In addition to the risk of prematurity, 
SMOF supplementation, and broad-spectrum anti-
biotic use, prophylactic fluconazole may be corre-
lated with  Malassezia  colonization. Future clinical 
practice studies should further investigate the inci-
dence of fluconazole-resistant strains. Regardless of 
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the use of antifungal treatment, the outcomes of 
catheter-related  M furfur  colonization were favor-
able after catheter removal. However,  M furfur  
remains a potential concern for fungemia, which 
might cause mortality and morbidities in premature 
infants and thus requires our attention.      
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       Summary of Recommendations for Practice and Research  
 What we know:     •  Candida  is one of the major causes of mortality and morbidity in preterm infants.  

  • Fluconazole prophylaxis in premature infants has been suggested by some 
experts and hospital strategies.  

  •  Malassezia  species are associated with a wide spectrum of clinical manifestations 
ranging from benign skin conditions to fungemia in immunocompromised hosts.    

 What needs to be studied:     • Evaluation of the benefit and harm of the prophylactic fluconazole for preventing 
the invasive candidal infection.  

  • The possible relationship between prophylactic fluconazole and emerging
 M furfur  colonization.    

 What can we do today:     • The outcome of catheter-related  M furfur  colonization was favorable following 
removal of the catheter.  

   • M furfur  remains a potential concern for fungemia in the care for premature 
infants and thus requires our attention.    


