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Abstract: It is estimated that almost 4% of all neonatal intensive care unit admissions are 

attributed to Candida spp. infections. Clinical diagnosis of invasive fungal infection (IFI) 

is not easy as signs and symptoms are commonly vague. Mannan antigen (MA) in neo-

nates is not well studied and the aim of this study was to evaluate the use of MA (Plate-

lia™ Candida Ag Plus kit, Bio-Rad) in a neonatal unit. This is a prospective case-control 

study, which compared the performance of MA between neonates who had rectal Can-

dida colonization with non-colonized controls. We cultured 340 rectal swabs of neonates 

and 39 of them were positive for Candida albicans colonization. MA was checked in 25             

C. albicans colonized and in 30 non-colonized neonates with similar postnatal age and 

gender distribution. During the hospitalization period there was not any IFI in the neo-

natal population. MA was negative in all non-colonized neonates (30/30, 100% specifici-

ty) and in 24 out of 25 colonized neonates (96% specificity). However, the one infant with 

positive rectal colonization and MA had recent Candida mucositis. The results indicate a 

high specificity of the assay even in neonates colonized with Candida. Further investiga-

tion in neonates with IFI is required in order to determine the sensitivity of the method.  
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1. Introduction 

It is estimated that almost 4% of all NICU (Neonatal Intensive Care Unit) admissions 

are attributed to Candida spp. infections [1, 2]. Candida albicans is the leading cause of 

neonatal candidiasis [1, 3], while Candida parapsilosis is the most common non-albicans 

isolate in VLBW (very low birth weight) infants. Invasive candidiasis in neonates is as-

sociated with considerably increased mortality [1], which is further worsened when the 

pathogen is isolated from multiple body sites [4]. Furthemore, long-term neurodevel-

opmental impairment has been described in clinical cases of neonatal invasive candidia-

sis [1, 2]. 

Vaginal delivery and either maternal or healthcare-associated staff skin contact are 

primarily accused of enabling Candida colonization in neonates [1]. Neonatal immune 

system immaturity, extended antibiotic administration [3, 5, 6] and inadequate integrity 

of skin and mucosa barriers are among the most recognizable risk factors for the devel-

opment of invasive fungal infection (IFI) [3, 6]. Ηowever, prompt diagnosis of IFI poses a 

major challenge as signs and symptoms are commonly vague [6, 7]. Also, it is worth 

mentioning that the clinical management of IFI in children and neonates presents heter-

ogeneity according to the findings of a study conducted in 13 third-level university hos-

pitals in United Kingdom [8].  
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Blood cultures [3] remain the gold standard for the diagnosis of IFI, even though 

they require time and may exhibit less sensitivity under certain circumstances [4, 9]. 

That’s the main reason why additional laboratory methods are frequently being utilized 

in clinical practice for the early diagnosis of IFΙ namely, detection of mannan anti-

gen/mannan antibody in serum against Candida spp. [9], β-D-glucan or PCR [9, 10]. 

 

The use of mannan antigen (MA) assay in neonates is not well studied. The aim of 

our study was to evaluate the performance of MA in hospitalized neonates (age <28 days) 

of a Level II neonatal unit.  

2. Materials and Methods 

This was a prospective, case-control study of hospitalized neonates in the Special 

Care (Level II) Neonatal Unit of the 1st Department of Pediatrics of University of Athens, 

“Aghia Sophia” Children’s Hospital.  

Rectal samples for Candida colonization were collected on admission and blood 

samples were drawn for routine blood tests.  

Blood sample for MA detection was collected during the first 3 days of hospitaliza-

tion. Serum was collected and stored at -20 oC until assayed. Detection of MA was carried 

out using the commercially available Platelia™ Candida Ag Plus kit (Bio-Rad), according 

to the manufacturer’s instructions. A positive result, as defined by the manufacturer, was 

with concentrations less than 62.5 pg/mL, while samples with concentrations between 

62.5 and 125 pg/mL were considered to be «intermediate» for MA and those with con-

centrations that are equal or greater than 125 pg/mL were considered to be «positive» for 

MA. All samples were run in duplicate. Analysis of the results was carried out blind to 

the clinical and microbiological data. All neonates were followed up for IFI during the 

hospitalization period and blood cultures were taken upon clinical indications.  

The study protocol was approved by the “Aghia Sophia” Children’s Hospital Ethics 

Committee (study approval number: 5878) and informed written consent was obtained 

from infants’ parents.  

Statistical analysis was performed using SPSS version 28.0 (SPSS Inc, Chicago, IL). 

Data were test for normality using the Kolmogorov-Smirnov test and expressed as 

mean±standard deviation (SD). For comparisons Chi-squared test and Student’s t test 

were used, as appropriate.  

3. Results 

We cultured for rectal Candida colonization 340 neonates and 39 (11.47%) had posi-

tive result for Candida rectal colonization. Blood sample was drawn for MA in 25/39 ne-

onates (for 14 neonates there was no written parent consent). 30 neonates, who were 

hospitalized the same period, with negative result for Candida rectal colonization and 

similar distribution of age and sex, were included as controls.  

The characteristics of the study population are presented in Table 1.  

Table 1. Epidemiological characteristics of neonates who were positive or negative for Candida albicans carriage 

 

Total population 

(N=55) 

n(%) 

C. albicans colonized 

(N=25) 

n (%) 

C. albicans non-colonized 

(N=30) 

n (%) 

 

p-value 

Gender  

Female 

Male 

    

26 (47.3) 12 (48) 14 (46.7) 0.568 

29 (52.7) 13 (52) 16 (53.3)  

Labor 

Cesarean section 

Vaginal birth 

 

21 (38) 

 

10 (40) 

 

11 (36) 

 

0.574 

34 (62) 15 (60) 19 (64)  
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The mean±SD gestational age of the study population was 38.2 ± 1.4 weeks, 34 ne-

onates (62%), had vaginal birth, 29 out of 55 neonates were male (52.7%) and at the time 

of the study were 17.3 ± 7.8 days of age. 

 

The leading causes of admission in both groups were bronchiolitis (36%), jaundice 

(16.4%), fever (11%), failure to thrive (9%), vomiting (7.3%), irregular breathing or cya-

nosis (5.5%), diarrhea (3.6%), late prematurity (3.6%), opthalmia neonatorum (3.6%), rash 

(2%) and heart murmur (2%).  

 

The laboratory results are presented in Table 2. One neonate colonized with C. albi-

cans had a positive blood culture for coagulase-negative Staphylococci. During the study 

period no invasive fungal infection was detected. Urinary tract infection was detected in 

3/25 (10,7%) C. albicans colonized and in 3/30 (10%) non-colonized neonates. All neonates 

were negative for central nervous system infection.  

 

Gestational age (wks) 38.2 ± 1.4 38.2 ± 1.5 38.3 ± 1.4 0.920 

Birthweight (gr) 3003.9 ± 785.2 3106.3 ± 537.9 2905.6 ± 967 0.719 

Days at maternity hospital 3.3 ± 1.4 3.5 ± 1.8 3.2 ± 0.6 0.891 

Age (days) 17.3 ± 7.8 18.7 ± 8.6 16.0 ± 6.7 0.193 

Duration of antibiotics  

None 

≤24hrs 

24-48 hrs 

>48 h 

Before hospitalization 

 

 

32 (58) 

13 (24) 

6 (11) 

2 (3.5) 

2 (3.5) 

 

 

9 (36) 

7 (28) 

5 (20) 

2 (8) 

2 (8) 

 

 

23 (77) 

6 (20) 

1 (3) 

 

 

0.025 

Quantitive variables are expressed as mean±SD  

Table 2. Cultures (blood, urine, CNF), full blood count and CRP levels in neonates who were positive or negative for 

Candida albicans carriage 

 

Total population 

(N=55) 

n (%) 

C. albicans colonized 

(N=25) 

n (%) 

C. albicans non-colonized 

(N=30) 

n (%) 

 

p-value 

Blood culture for bacteria 

Positive 

Negative 

    

1 (98.2) 1 (4) 0 (0) 0.5 

54 (1.2) 24 (96) 30 (100)  

Blood culture for fungi 

Positive 

 

0 

 

0 

 

0 

 

Urine culture 

Positive 

Negative 

 

6 (11) 

 

3 (12) 

 

3 (10) 

 

0.25 

49 (89) 22 (88) 27 (90)  

CSF culture 

Positive 

 

0 

 

0 

 

0 

 

WBC (/μL) 12029 ± 4266 11728 ± 3007 12318 ± 5248 0.984 

Neutrophils (%) 33.5 ± 13.3 34 ± 13.5 33 ± 13.0 0.897 

Lymphocytes (%) 47.5 ± 13.0 46.5 ± 12.6 48.4 ± 13.6 0.627 

Monocytes (%) 12.2 ± 3.7 12.8 ± 4.1 11.6 ± 3.4 0.272 

Hb (gr/dL) 13.9 ± 2.0 13.5 ± 1.8 14.3 ± 2.2 0.167 
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The description of the MA case-control study is presented in Figure 1. MA was 

negative in all uncolonized neonates (30/30, 100% specificity) and in 24 out of 25 colo-

nized neonates (96% specificity). The one candida colonized neonate, that was detected 

positive with the MA assay, was admitted at 13 days of postnatal age for fever and has 

started oral topical miconazole treatment for oral Candida mucositis. The neonate had no 

signs of invasive candidiasis, cultures were negative and blood culture for IFI was also 

negative.  

 

Figure 1. Description of case-control study for the use of the mannan antigen assay in C. albicans 

colonized and non-colonized neonates 

4. Discussion 

The present study aimed to evaluate the use of MA assay in a Level II neonatal unit 

and compared between C. albicans colonized and non-colonized infants. According to our 

results, none of the non-colonized infants had positive MA, whereas only one from the 

colonized group had positive result, within the colonized group. However, this neonate 

had oral Candida mucositis that could possibly facilitate the presence of the antigen in the 

blood. During the study period there was not any IFI.  

Prolonged antibiotic administration, use of steroids or histamine-2 receptor antago-

nists and lipids emulsions are among the most well-established risk factors for Candida 

colonization in neonates and subsequent development of invasive candidiasis [3]. Unlike 

bacterial infections, invasive candidiasis could present with a pattern of non-specific 

signs and symptoms, especially after the 3rd week of life in preterm neonates [2]. Apnea, 

respiratory distress syndrome or feeding intolerance may be the most prominent signs of 

IC [2, 3].   

In the present study laboratory results did not differ between colonized and 

non-colonized neonates. Furthermore, full blood count, including platelets, and CRP did 

not differ between positive and negative carriers. The role of laboratory findings and/or 

biomarkers in the accurate diagnosis of IC has been evaluated in a clinical study of Guo et 

340 fecal samples 
from neonates were 
tested for Candida 

colonization 
detection

39 (11.47%) were 

colonized with 

C.albicans

25 serum samples 
from C. albicans 

colonized neonates 
for manan detection

24/25 (96%) of serum 
samples were MA 

negative

301 (88.5%) were not 

colononized with 

C. albicans

30 serum samples 
from C. albicans non-
colonized neonates 

for mannan detection

30/30 (100%) samples 
were MA negative 

Hct (%) 42.8 ± 6.5 41.4 ± 5.8 44.08 ± 7.0 0.152 

PLT (x 103/mm3) 390 ± 113.1 418.3 ± 114.1 362.7 ± 107.4 0.085 

CRP (mg/L) 6.4 ± 18.5 6.5 ± 13.2 6.3 ± 22.7 0.562 

Quantitive variables are expressed as mean±SD 

CSF, cerebrospinal fluid; WBC, whole blood count; Hb, hemoglobin; Hct, hematocrit; PLT, platelet count; CRP, C-reactive protein 
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al [6], in which white blood cell count, platelet count, hs-CRP levels, PCT and β-D-glucan 

(BDG) were compared between 30 neonates with IC, 25 neonates with bacterial infection 

and 25 neonates considered as controls. The study reported that, WBCs and PCT levels 

did not differ between neonates with IC compared to controls. On the contrary, CRP 

levels were statistically significant higher and platelet count was statistically significant 

lower in neonates with IC compared to controls. BDG was the only biomarker that was 

found statistically higher in neonates with IC compared to neonates with bacterial infec-

tion or controls [6]. BDG, also may aid to the diagnosis of IC [6], however, it should be 

noticed that is not specific and can also be detected in patients with bacteremia either 

from gram-positive or gram-negative pathogens [9].  

The performance of MA has been previously studied in adults and neonates. The 

third European Conference on Infections in Leukemia (ECIL-3) meeting conducted a 

systematic literature review [11], including 14 studies of adult patients with 

hemato-oncology diseases and invasive candidiasis, and tried to evaluate the sensitivity 

and specificity of MA and mannan antibody. According to their results there is signifi-

cant heterogeneity among studies, however, the combined test of MA and mannan an-

tibody performed better with 83% sensitivity and 86% specificity.  

Regarding neonates, according to the study by Oliveri et al. [12] MA was considered 

positive at two least samples with levels above 0.5 ng/mL. The MA was negative only in 

one patient out of 12, who was diagnosed with invasive candidiasis by C. parapsilosis. It is 

remarkable that in 8/12 neonates the antigen was positive before the blood culture. 

However, 3 neonates out of 58 without candidiasis had false positive MA. According to 

the above results, the sensitivity of the assay was 94.4% and the specificity 94.2%. Fur-

thermore, in a multicentre survey in NICU in Southern Italy in 2010, MA was positive in 

5 out of 7 neonates with IFI [13]. However, there is no recent study evaluating possible 

MA presence in the serum of neonates with rectal colonization.  

Limitations of the present study include that in the population, there were not many 

early preterm or VLBW neonates, which may explain that we did not detect any IFI epi-

sode, even in the C. albicans colonized neonates. For this reason we could not estimate the 

sensitivity of the assay for the diagnosis of IFI. However, the importance of the study is 

that we found a very high specificity in both colonized and non-colonized babies.   

Further investigation is needed in high-risk neonates, that have higher propability of 

IFI, to estimate the sensitivity of the MA assay. In these groups it is very important to 

have bioassays with good performance characteristics to guide proper antifungal treat-

ment [2, 14]. 

5. Conclusions 

MA found to have high specificity in candida colonized and non-colonized neonates. 

That is important for further evaluation of the assay for the detection of invasive fungal 

infection in neonatal units and the timely administration of antifungals.  
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