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INTRODUCTION
 Invasive candidiasis infection (ICI) is  
a significant cause of sepsis in neonatal units, 
particularly in neonatal intensive care units 
(NICUs)1-2. ICI is associated with increased 
morbidity and mortality rates1,3-4. Its morbidity 
includes long-term developmental and neurological 
sequelae, such as cerebral palsy, blindness, 
hearing impairment, cognitive deficits, and 
periventricular leukomalacia5-8. The incidence of 
ICI in neonates varies substantially between 

hospitals5, 9-16. Established risk factors for neonatal 
ICI include prematurity, extremely low birth 
weight (ELBW), invasive procedures such as 
central venous catheterization (CVC), and  
broad-spectrum antibiotic exposure2,5,9,16-19.  
For units with an ICI incidence exceeding 10%, 
the Infectious Diseases Society of America  
(IDSA) recommends implementing fluconazole 
prophylaxis in all NICU infants born weighing 
less than 1,000 grams20.  This highlights  
the crucial role of individual unit-level NICU ICI 

OBJECTIVE: To determine the epidemiology of invasive candida infection in the neonatal intensive 
care unit (NICU) at a tertiary care center in Thailand over 10 years.
METHODS: A retrospective descriptive study was conducted. Participants were enrolled from  
all neonates diagnosed with invasive candidiasis infection (ICI) in Vajira Hospital between 2008  
and 2018. Demographic data, microbiological results, and neonatal outcomes were reviewed.
RESULTS: During the study period, 9,031 neonates were admitted to the NICU. A total of 14 neonates 
were diagnosed with ICI, giving a prevalence of 1.5 cases per 1,000 infants admitted to the level II  
and III NICU. The median (IQR) gestational age and birth weight were 28.5 weeks (27.0, 31.0)  
and 1,053 g (850.0, 1,586.5), respectively. In all, 10 (71.4%) and 8 (57.1%) neonates had positive blood 
and urine cultures, respectively. All infants had negative cerebrospinal fluid cultures. Among 14 
neonates diagnosed with ICI, 7 (50.0%) neonates had positive cultures for Candida albicans.  
The overall mortality rate of neonates with ICI was 21.4%.
CONCLUSION: ICI exhibits a low incidence rate within Vajira Hospital. This occurrence is demonstrably 
associated with prematurity, extremely low birth weight infants, and a demonstrably high mortality 
rate.
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incidence data in guiding fluconazole prophylaxis 
decisions. The aim of this study was to determine 
the epidemiology of invasive candida infection in 
the NICU at a tertiary care center in Thailand 
over 10 years.

METHODS
 This retrospective descriptive study was 
conducted in the level II and III NICU at Faculty 
of Medicine Vajira Hospital, Navamindradhiraj 
University, Bangkok, Thailand. Vajira Hospital is 
a 900-bed university hospital with approximately 
2,000 deliveries per year. We reviewed  
the medical records of infants diagnosed with 
candida infection based on the International 
Classification of Diseases, 10th Revision (ICD-10) 
codes (B370, 371, 372, 374, 375, 377, 378, 379, 
and P375). The inclusion criteria included being 
born at Vajira Hospital between January 2008 
and December 2018, and diagnosed with ICI 
confirmed by the positive isolation (aerobic 
culture) of Candida species (spp.) from blood, 
cerebrospinal fluid (CSF), or urine obtained via 
catheterization or suprapubic aspiration. 
Retrospective data were collected anonymously 
using a designated form.
 Maternal and infant characteristics 
documented included sex, gestational age (GA), 
birth weight (BW), delivery route, maternal 
antenatal care, maternal chorioamnionitis, and 
Apgar scores. Outcomes data collected included 
age at diagnosis, source of Candida isolation and 
species identified, length of hospital stay, and  
in-hospital mortality. Treatment data included 
type and duration of antifungal and antibiotic 
use, ventilation support duration, invasive 
procedures (e.g., CVC, urethral catheterization), 
total parenteral nutrition administration,  
and history of surgery. Ethical approval for the 
study protocol was granted by the Institutional 
Review Board of the Vajira Hospital Faculty of 
Medic ine,  Navamindradhiraj  Univers ity 
(COA093/62).

 ICI is defined as an infection confirmed by 
the isolation of Candida spp. from the blood, CSF, 
or urine, collected through either urethral 
catheterization or suprapubic aspiration,  
with microbiology laboratory confirmation. 
Disseminated candidiasis is defined as more than 
1 site of infection confirmed by the isolation of 
Candida spp. 
 Very low birth weight (VLBW) and ELBW 
infants are defined as those with a BW less than 
1,500 g, and 1,000 g, respectively. Level II NICU 
(step down or special care baby unit) is defined as 
units that can take care of infants without 
advanced respiratory support who need mild 
support for their immaturity or transitional illness 
(those on supplemental oxygen or gastric tubing). 
Level III NICU 3 (tertiary care or Intensive Care) is 
defined as units that can take care of infants with 
critical illness, or those on advanced respiratory 
support.
 Descriptive statistics were calculated using 
the Statistical Package for Social Science software 
version 22.0 (SPSS Inc., Chicago, IL, USA). 
Numerical data were analyzed using the mean 
and standard error of the mean or the median 
and interquartile range, depending on the 
distribution of the data. Categorical data were 
analyzed using percentages.

RESULTS
 Between January 1, 2008, and December 31, 
2018, 9,031 newborns were admitted to the 
Vajira Hospital level II and III NICU. Of these,  
102 infants were diagnosed with candida infection 
based on ICD-10 codes. However, only 16 were 
diagnosed with neonatal ICI confirmed by culture. 
Two infants’ medical records were missing; 
therefore 14 neonates ultimately met the study 
inclusion criteria (figure 1). Ten (71.4%) were 
male, the median GA was 28.5 weeks (27.0, 31.0), 
and the median BW was 1,053 g (850.0, 586.5). 
Of these infants, 12 (85.7%) were preterm,  
9 (64.3%) were VLBW, and 6 (42.9%) were ELBW 
(table 1).
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Figure 1 Flowchart demonstrating selection of study

 The prevalence of neonatal ICI was 1.5 per 
1,000 infants admitted to the level II and III 
NICU. Among neonates diagnosed with ICI, 
positive cultures were obtained from only blood 
in 6 cases (42.9%), only urine in 4 cases (28.6%)–4 
cases (28.6%) had both candida septicemia and 
urinary tract infection. Notably, no infants were 
diagnosed with candida meningitis. The median 
age at diagnosis of ICI was 31.5 days (19.0, 44.3) 
(table 1).
 Positive cultures were obtained from  
blood in 10 cases (71.4%), urine in 8 cases (57.1%), 
and sputum in 3 cases (21.4%). Of the isolates,  
7 (50.0%) were identified as Candida albicans, 
while 7 (50.0%) were non-Candida albicans 
species, (Candida parapsilosis, 4 (28.6%);  
Candida tropicalis, 1 (7.1%); unspecified 2 (14.2%). 
Notably, no positive cultures were obtained from 
CSF, and no infants were infected with more 
than one type of Candida spp. All Candida 
parapsilosis infections (28.6%) were identified 
between 2016 and 2018 (table 1).
 Nine mothers received antenatal care.  
Six deliveries were vaginal, while two occurred 
before arrival at the hospital. One mother was 
diagnosed with chorioamnionitis (table 1).  
The infants with ICI were diagnosed with  
several comorbidities. Necrotizing enterocolitis 

was present in 5 cases (35.7%), respiratory  
distress syndrome in 9 cases (64.3%), and 
bronchopulmonary dysplasia in 10 cases (71.4%) 
(table 2). All infants received intubation and  
were administered intravenous medications 
through a variety of catheters, including umbilical 
catheters, peripherally inserted central catheters 
(PICC),  and double-lumen CVC (table 1) . 
Additionally, 12 (85.7%) infants were treated  
with a third-generation cephalosporin and 
carbapenem (table 2).
 Infants diagnosed with ICI received various 
antifungal regimens: 10 (71.4%) received 
fluconazole monotherapy, 2 (14.3%) received  
a combination of fluconazole and amphotericin B, 
and 2 (14 .3%)  received amphoter ic in B 
monotherapy. The median antifungal therapy 
duration was 13.0 days (12.0, 14.0) and median 
hospitalization duration was 89.5 days (42.5, 
110.5) (table 2). The mortality rate of infants with 
ICI was 21.4% (3/14). All fatal cases involved 
VLBW infants diagnosed with disseminated 
intravascular coagulopathy (DIC) and septic 
shock. Two infants (66.7%) who died were ELBW 
infants (table 2).
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Table 2 The treatment and outcomes of infants with neonatal invasive candida infection (n = 14)
Neonatal outcomes n (%)
Co-morbidity
 Necrotizing enterocolitis 5 (35.7)
 Respiratory distress syndrome 9 (64.3)
 Bronchopulmonary dysplasia 10 (71.4)
Antifungal drugs
 Fluconazole only 10 (71.4)
 Fluconazole + amphotericin B 2 (14.3)
 Amphotericin B only 2 (14.3)
Duration of antifungal treatment, days 13.0 (12.0, 14.0)
Postnatal steroid 1 (7.1)
Total parenteral nutrition 13 (92.8)
Antibiotics use 
 3rd generation cephalosporin use 12 (85.7)
 Carbapenem use 12 (85.7)
Length of stay, day 89.5 (42.5, 110.5)
Mortality 3 (21.4)

Abbreviations: n, number
Data reported as number and percentage or median and interquartile range (IQR).

Table 1 Maternal and neonatal characteristics with neonatal invasive candida infection (n = 14)
Characteristics n (%)
Maternal data
Antenatal care 9 (64.3)
Chorioamnionitis 1 (7.1)
Birth before arrival 2 (14.3)
Vaginal delivery 6 (42.9)
Apgar scores at 5 minutes < 7 3 (21.4)
Neonatal data 
Male gender 10 (71.4)
GA, weeks 28.5 (27.0, 31.0)
BW, g 1,053 (850.0, 586.5)
 ≥ 1,500 5 (35.7)
 1,000-1,499 3 (21.4)
 < 1,000 6 (42.9)
Clinical characteristics
Age at diagnosis of ICI, days 31.5 (19.0, 44.3)
Diagnosis
 Candida septicemia only 6 (42.9)
 Candida urinary tract infection only 4 (28.6)
 Candida septicemia + urinary tract infection 4 (28.6)
Specimen of positive culture*
 Blood 10 (71.4)
 Urine 8 (57.1)
 CSF 0 (0)
 Sputum 3 (21.4)
Species
 Candida albicans 7 (50.0)
 Non-albicans Candida
  Candida parapsilosis 4 (28.6)
  Candida tropicalis 1 (7.1)
  Candida glabrata 0 (0)
 Non-specifies 2 (14.2)
Intubation 14 (100.0)
Umbilical vein catheter 14 (100.0)
Central venous catheter (double lumen)  4 (28.6)
Peripherally inserted central catheter 1 (7.1)

Abbreviations: BW, birth weight; CSF, cerebrospinal fluid; g, grams; GA, Gestational age; ICI, invasive candida infection; n, number
Data reported as number and percentage or median and interquartile range.
* Some infants had ≥ 1 specimens of positive culture.
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DISCUSSION
 ICI is a leading cause of mortality and 
significant complications in neonates. ICI incidence 
varies between hospitals and is influenced by factors 
such as GA and BW. This study showed a lower 
prevalence of ICI (0.15%) in neonates admitted to 
the level II and III NICU compared with reported 
rates in European studies (1.1%–3%)12,21-22 and the 
United States (0.3%–0.45%)13,23. Notably, the 
incidence of invasive fungal infection in Thai 
neonates was reported to be 0.8%, with Candida spp. 
identified in 80–90% of cases16. This study observed 
a lower prevalence of ICI among neonates admitted 
to level II and III NICUs. This finding may be partially 
explained by the relatively low proportion of VLBW 
infants admitted to these units in Vajira Hospital. 
Notably, prematurity and VLBW are established 
risk factors for ICI development. Therefore, there 
is no clear justification for fluconazole prophylaxis 
in all infants with a BW under 1,000 g admitted 
to Vajira Hospital level II and III NICU.
 No cases of candida meningitis were identified 
among neonates diagnosed with ICI. This observation 
may be partially attributed to the potential for 
false-negative CSF cultures. The timing of lumbar 
punctures in these infants could have been 
suboptimal, potentially leading to negative results. 
Notably, antifungal treatment was initiated prior to 
lumbar puncture procedures, further contributing to 
the possibility of negative CSF cultures. This practice 
likely stems from the institutional policy of avoiding 
lumbar punctures during the intubation process.
 Most infants in this study were preterm 
(85.7%), VLBW (64.3%), and ELBW (42.9%). This 
finding aligns with a study from tertiary centers 
in Thailand10,16, 58.3% premature infants and 
63.8% VLBW, but showed a lower prevalence of 
prematurity (85.7%) and VLBW (64.3%) compared 
with studies from Europe (87.8% premature 
infants and 87.8% VLBW) and the United States 
(94.4% premature infants and 83.1% VLBW)13,22.
 Premature and VLBW infants are at high 
risk for ICI because of several factors, including 
candida colonization, impaired gastrointestinal, 
skin, and immune function, and the virulence  

of Candida spp24. Additionally, they are subject to 
more invasive procedures.
 Multiple studies have identified risk factors 
for intubation, intravenous catheterization, 
parenteral nutrition, and the use of broad-spectrum 
antibiotics2,5,9,16-19,25. This study observed a trend 
suggesting a potential association between a higher 
proportion of infants with ICI and the presence of 
these factors. However, a tertiary referral center 
in southern Thailand found a significantly different 
risk factor: a history of cefoperazone/sulbactam 
use16. In this study, 57.1% (8/14) of infants with 
ICI had received this medication.
 Candida albicans was the most isolated fungal 
species in this study (50.0%), in line with studies 
in Asia, Europe, and the United States10,13,16,22,26. 
Notably, all Candida  parapsilosis infections 
(28.6%) were identified between 2016 and 2018, 
similar to report highlighting a recent increase in 
the prevalence of this species14,21-22,27-30. A 2013 
study by Pammi et al., reported a 27% prevalence 
of Candida parapsilosis in neonates after 200027. 
The association of Candida parapsilosis with 
intravenous catheterization, parenteral nutrition, 
and biofilm formation may contribute to its increased 
virulence and emergence as a significant pathogen 
in this population28,31. 
 Fluconazole was the most administered 
antifungal drug in this study, aligning with 
recommendations from the IDSA20,32. Other studies 
have also reported successful treatment with 
fluconazole15 or fluconazole combined with 
amphotericin B10,21. The median duration of 
antifungal therapy in this study was 13.0 (12.0, 
14.0) days, which is shorter than that reported from 
China and the United States, where it was 21.5 
(5.0, 69.0) days and 23 ± 14 days, respectively14-15. 
While no definitive evidence currently exists for 
optimal antifungal treatment duration24, IDSA 
guidance from 2009 and 2016 recommends  
3 weeks of therapy after culture sterilization20,33. 
Therefore, the shorter treatment duration observed 
in our study warrants investigation and may inform 
guideline development for managing invasive 
candidiasis in neonates.
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 In this study, two ELBW infants (< 26 weeks’ 
gestation) succumbed to candida septicemia 
complicated by septic shock and DIC. This highlights 
the importance of early detection and intervention 
for ICI in this vulnerable population. The specific 
causes of death in these infants, and the role of 
antifungal drug administration, warrant further 
investigation to inform strategies for preventing 
and promptly identifying ICI in ELBW infants.
 This study possesses several limitations that 
restrict the generalizability of its findings. Firstly, 
the retrospective analysis conducted at a single 
tertiary medical center limits the applicability of 
the results to broader populations. Secondly, the 
data lack crucial details regarding CVC practices, 
such as the utilization and duration of PICC lines 
and CVC, as well as their removal following  
the detection of catheter-related infections.  
This information is vital for understanding and 
optimizing catheter management strategies to 
minimize the risk of ICI in neonates. Additionally, 
the absence of data on further investigations, 
including abdominal imaging for the detection  
of intraabdominal abscesses, hinders the 
comprehensive assessment of prognosis and 
management plans for ICI. Furthermore, details 
regarding treatment, such as organism eradication 
and the timing of antibiotic and antifungal 
administration, are missing, limiting insights  
into potential therapeutic challenges. Moreover, 
the study lacks data on long-term outcomes,  
such as growth and development, which are 
crucial considerations for understanding the full 
impact of ICI on neonates. Finally, the descriptive 
study design inherently limited the analysis of 
factors associated with ICI. The lack of data on 
infants who did not receive a diagnosis of  
ICI within the NICU setting precludes the 
identification of risk factors and comparative 
analysis. Additionally, the relatively small  
sample size might have restricted the ability to 
detect statistically significant associations 
between variables.
 Nevertheless, the study’s 10-year timeframe 
offers valuable insights into the incidence, 

characteristics, and outcomes of ICI in neonates. 
It has informed the development of improved 
neonatal care guidelines for quality improvement, 
with an emphasis on preventing ICI and facilitating 
faster diagnosis, through methods beyond 
symptom-based approaches and culture results, 
and timely and appropriate treatment.

CONCLUSION 
 The prevalence of neonatal ICI is low in 
Vajira Hospital. This occurrence is demonstrably 
associated with prematurity, ELBW infants,  
and a demonstrably high mortality rate.  
While Candida albicans remains the most 
prevalent fungal isolate in ICI, the emergence of  
non-albicans Candida species is a growing 
concern.

CONFLICT OF INTEREST
 The authors report no conflict of interest.

ACKNOWLEDGEMENT
 We would like to thank Assistant Professor 
Dissajee Lumbiganon and Satin Chaikitja.  
This research was supported by Faculty of 
Medicine Vajira Hospital, Navamindradhiraj 
University.

DATA AVAILABILITY STATEMENT
 All of the data generated and analyzed 
during this study are included in this article. 
Further enquiries can be directed to the 
corresponding author.

REFERENCES
1. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, 

Carlo WA, Ehrenkranz RA, et al. Late-onset 
sepsis in very low birth weight neonates:  
the experience of the NICHD Neonatal 
Research Network. Pediatrics 2002;110 
(2 Pt 1):285-91.

2. Benjamin DK, Stoll BJ, Fanaroff AA, McDonald 
SA, Oh W, Higgins RD, et al. Neonatal 
candidiasis among extremely low birth weight 
infants: risk factors, mortality rates, and 



Invasive Candida Infection in Neonates

7Vajira Med J 2024;68(2):e267005

neurodevelopmental outcomes at 18 to 22 
months. Pediatrics 2006;117(1):84-92.

3. Benjamin DK, DeLong E, Cotten CM, Garges 
HP, Steinbach WJ, Clark RH. Mortality 
following blood culture in premature infants: 
increased with gram-negative bacteremia and 
candidemia, but not gram-positive bacteremia.  
J Perinatol 2004;24(3):175-80.

4. Hundalani S, Pammi M. Invasive fungal 
infect ions  in  newborns  and current 
management strategies. Expert Rev Anti 
Infect Ther 2013;11(7):709-21.

5. Cotten CM, McDonald S, Stoll B, Goldberg 
RN, Poole K, Benjamin DK Jr. The association 
of third-generation cephalosporin use and 
invasive candidiasis in extremely low birth-
weight infants. Pediatrics 2006;118(2):717-22. 

6. Friedman S, Richardson SE, Jacobs SE, 
O’Brien K. Systemic candida infection in 
extremely low birth weight infants: short term 
morbidity and long term neurodevelopmental 
outcome. Pediatr Infect Dis J 2000;19(6): 
499-504. 

7. Adams-Chapman I,  Bann CM, Das A,  
Goldberg RN, Stoll BJ, Walsh MC, et al. 
Neurodevelopmental outcome of extremely 
low birth weight infants with Candida 
infection. J Pediatr 2013;163(4):961-7.

8. Stoll BJ, Hansen NI, Adams-Chapman I, 
Fanaroff AA, Hintz SR, Vohr B, et al. 
Neurodevelopmental and growth impairment 
among extremely low-birth-weight infants 
with neonatal infection. Jama 2004;292(19): 
2357-65.

9. Benjamin DK Jr, Stoll BJ, Gantz MG, Walsh MC, 
Sánchez PJ, Das A, et al. Neonatal candidiasis: 
epidemiology, risk factors, and clinical 
judgment. Pediatrics 2010;126(4):e865-73.

10. Jantarabenjakul W, Yodkitudomying C, 
Chindamporn A, Suchartl ikitwong P, 
Anugulruengkitt S, Pancharoen C,  et al. 
Pediatric and neonatal invasive candidiasis: 
species distribution and mortality rate in  
a Thai tertiary care hospital. Pediatr Infect  
Dis J 2021;40(2):96-102. 

11. Ezenwa BN, Oladele RO, Akintan PE, Fajolu IB, 
Oshun PO, Oduyebo OO, et al. Invasive candidiasis 
in a neonatal intensive care unit in Lagos, 
Nigeria. Niger Postgrad Med J 2017;24(3):150-4.

12. Warris A, Pana ZD, Oletto A, Lundin R, 
Castagnola E, Lehrnbecher T, et al. Etiology 
and outcome of candidemia in neonates and 
children in Europe: an 11-year multinational 
retrospective study. Pediatr Infect Dis J 
2020;39(2):114-20.

13. Aliaga S, Clark RH, Laughon M, Walsh TJ, 
Hope WW, Benjamin DK, et al. Changes in the 
incidence of candidiasis in neonatal intensive 
care units. Pediatrics 2014;133(2):236-42.

14. Agarwal RR, Agarwal RL, Chen X, Lua JL,  
Ang JY. Epidemiology of invasive fungal 
infections at two tertiary care neonatal intensive 
care units over a 12-year period (2000-2011). 
Glob Pediatr Health 2017;4:2333794x17696684.

15. Xia H, Wu H, Xia S, Zhu X, Chen C, Qiu G,  
et al. Invasive candidiasis in preterm neonates 
in China: a retrospective study from 11 NICUS 
during 2009-2011. Pediatr Infect Dis J 2014; 
33(1):106-9.

16. Thatr imontr ichai  A,  Janj indamai  W, 
Dissaneevate S, Maneenil G, Srisintorn W. 
Prevalence, risk factors and outcomes of 
neonatal invasive fungal infection in southern 
Thailand (1989-2017). Southeast Asian J Trop 
Med Public Health 2020;51(3):288-96.

17. Benjamin DK Jr, DeLong ER, Steinbach WJ, 
Cotton CM, Walsh TJ, Clark RH. Empirical 
therapy for neonatal candidemia in very low 
birth weight infants. Pediatrics 2003;112 
(3 Pt 1):543-7.

18. Lee JH, Hornik CP, Benjamin DK Jr, Herring 
AH, Clark RH, Cohen-Wolkowiez M, et al. 
Risk factors for invasive candidiasis in infants 
>1500 g birth weight. Pediatr Infect Dis J 
2013;32(3):222-6. 

19. Yu Y, Du L, Yuan T, Zheng J, Chen A, Chen L, 
et al. Risk factors and clinical analysis for 
invasive fungal infection in neonatal intensive 
care unit patients. Am J Perinatol 2013;30(7): 
589-94.



Prempraphan P and Puengwongtrakul M

 Vajira Med J 2024;68(2):e2670058

20. Pappas PG, Kauffman CA, Andes DR, Clancy 
CJ, Marr KA, Ostrosky-Zeichner L, et al. 
Clinical practice guideline for the management 
of candidiasis: 2016 update by the infectious 
diseases society of America. Clin Infect Dis 
2016;62(4):e1-50. 

21. Rodriguez D, Almirante B, Park BJ, Cuenca-
Estrella M, Planes AM, Sanchez F, et al. 
Candidemia in neonatal intensive care units: 
Barcelona, Spain. Pediatr Infect Dis J 
2006;25(3):224-9.

22. Caggiano G, Lovero G, De Giglio O, Barbuti G, 
Montagna O, Laforgia N, et al. Candidemia in 
the neonatal intensive care unit: a retrospective, 
observational survey and analysis of literature 
data. Biomed Res Int 2017;2017:7901763.

23. Robinson JA, Pham HD, Bloom BT, Wittler 
RR. Risk factors for persistent candidemia 
infection in a neonatal intensive care unit and 
its effect on mortality and length of 
hospitalization. J Perinatol 2012;32(8):621-5.

24. Kelly MS, Benjamin DK Jr, Smith PB. The 
epidemiology and diagnosis of invasive 
candidiasis among premature infants. Clin 
Perinatol 2015;42(1):105-17. 

25. Chitnis AS, Magill SS, Edwards JR, Chiller TM, 
Fridkin SK, Lessa FC. Trends in Candida central 
line-associated bloodstream infections among 
NICUs, 1999-2009. Pediatrics 2012;130(1):e46-52.

26. Wu Z, Liu Y, Feng X, Liu Y, Wang S, Zhu X, et al. 
Candidemia: incidence rates, type of species, 
and risk factors at a tertiary care academic 
hospital in China. Int J Infect Dis 2014;22:4-8. 

27. Kossoff EH, Buescher ES, Karlowicz MG. 
Candidemia in a neonatal intensive care unit: 
trends during fifteen years and clinical 
features of 111 cases. Pediatr Infect Dis J 
1998;17(6):504-8. 

28. Pammi M, Holland L, Butler G, Gacser A,  
Bliss JM. Candida parapsilosis is a significant 
neonatal pathogen: a systematic review and 
meta-analysis. Pediatr Infect Dis J 2013;32(5): 
e206-16. 

29. Chow BD, Linden JR, Bliss JM. Candida 
parapsilosis and the neonate: epidemiology, 
virulence and host defense in a unique patient 
setting. Expert Rev Anti Infect Ther 2012; 
10(8):935-46.

30. Celebi S, Hacimustafaoglu M, Koksal N, 
Ozkan H, Cetinkaya M, Ener B. Neonatal 
candidiasis: results of an 8 year study. Pediatr 
Int 2012;54(3):341-9. 

31. Ramage  G ,  Sav i l l e  SP ,  Thomas  DP,  
López-Ribot JL. Candida biofilms: an update. 
Eukaryot Cell 2005;4(4):633-8.

32. Hornik CD, Bondi DS, Greene NM, Cober MP, 
John B. Review of fluconazole treatment and 
prophylaxis for invasive candidiasis in 
neonates. J Pediatr Pharmacol Ther 2021; 
26(2):115-22. 

33. Pappas PG, Kauffman CA, Andes D, Benjamin 
DK, Calandra TF, Edwards JE, et al. Clinical 
practice guidelines for the management of 
candidiasis: 2009 update by the Infectious 
Diseases Society of America. Clin Infect Dis 
2009;48(5):503-35.


