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Abstract

Background: Invasive Candidiasis (IC) is the third common cause of neonatal sepsis associated with high mortality.
Low Birth Weight (LBW), prematurity, diabetes, and multifocal colonization increase the risk of IC. Since the
development of IC involves multidimensional risk factors, various models are available to predict IC, including
colonization index, corrected colonization index, Ostrosky's clinical prediction rule, and candida score. Aim and
Objectives: To develop a novel model using Artificial Neural Networks (ANN) that has a strong capability to handle
complex multi-variate risk factors. Material and Methods: A prospective, hospital-based observational study was
conducted at Raichur, India, among neonates of LBW (<1500 g). Swabs were collected from various body sites
followed by blood culture from each neonate to assess colonization and IC, respectively. y’-tests of significance were
applied to ascertain significant risk factors for IC. Various risk prediction models were compared with the ANN model.
Results: The study population consisted of 103 neonates, of which 21 were diagnosed with IC. The most common
isolate obtained was C. albicans, followed by C. parapsilosis. The factors significantly affecting IC were gestation age,
mode of delivery, respiratory distress, diabetes, use of antibiotics, and multifocal colonization. ANN model predicted
IC with a PPV of 83.3% and a Negative Predictive Value (NPV) of 98.7%. Various prediction models had poor values
of PPV and sensitivity compared to the ANN model. Conclusion: ANN showed higher PPV, NPV, sensitivity, positive
likelihood ratio with a very low value of negative likelihood ratio, suggesting that ANN is superior to the other models.
With multi-centred data available from various geographic regions, the ANN approach can be further strengthened for
usage in public and private health setups.
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Introduction

Invasive Candidiasis (IC) is a major health concern
associated with excess attributable mortality of
10.1% in paediatric age groups [1]. Premature
neonates having Very Low Birth Weight (< 1500 g)
(VLBW) and Extremely Low Birth Weight (<1000
g) (ELBW) are at higher risk for developing IC
with an incidence of 2.8% and 5.3%, respectively
in India [2]. The use of broad-spectrum Antibiotics
(AB), steroids, central venous catheter, diabetes,

Total Parenteral Nutrition (TPN), prolonged
mechanical ventilation, and indwelling catheters
further increases the risk of developing IC [3].
Colonization of the skin or mucous membrane has
also been suspected as a risk for developing IC as
colonization precedes infection [3]. The progre-
ssion from colonization to infection was establi-
shed by describing the Colonization Index (CI) and
Corrected Colonization Index (CCI) [4]. Though
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CI and CCI provided a link between colonization
and development of IC, the clinical parameters
were ignored entirely. Further, the possibility of
lack of colonization ruling out IC among neonates
is also unanswered.

In this scenario, to predict the risk of IC, Ostrosky's
Clinical Prediction Rule (OCPR) was suggested
considering clinical parameters [5] but completely
lacked microbiological parameters (colonization).
Playford et al. conducted an external validation of
OCPR and found a Positive Predicting Value
(PPV) of 4% and a Negative Predicting Value
(NPV) of 99%. So, he suggested including CCI in
this OCPR where PPV was increased to 17% [6].
Similarly, Candida Score (CS) was put forth by
Leon et al., considering both clinical and
microbiological parameters [7]. Further, Leroy et
al. externally validated this score, stating a PPV of
23.8% and NPV of 100%[8].

Prediction of IC involves multidimensional (both
clinical and microbiological), multi-variate
analysis that requires robust tools to establish a
relationship between the risk factors and IC.
Among the many statistical analytical techniques
available, an Artificial Neural Network (ANN) has
a strong capacity to handle multiple variables
involving multidimensional complexities in
medical diagnostics [9]. However, ANN has not
been tried to predict the risk of IC in the literature.
To address this gap, the present work aims to
identify the most significant risk factors, develop a
model based on ANN, and compare it with various
risk prediction models to predict IC.

Material and Methods

Study design

A prospective, hospital-based, observational
study was undertaken in the Department of

Microbiology and Neonatal Intensive Care Unit,
Department of Paediatrics, Raichur Institute of
Medical Sciences, over a period of one year from
March 2016 to February 2017 after obtaining
clearance from Institutional Ethics Committee,
Raichur. All neonates whose parents/ guardians
were willing to let their baby participate and
whose birth weight was less than 1500g were
included in the study after taking informed written
consent. Infants with one minute Apgar score of
less than 4, congenital disabilities, and skin
disorders were excluded from the study. The study
population was selected using the non-probability
sampling technique. The gender, mode of
delivery, complications during delivery, age of
gestation, birth weight, respiratory distress, need
for mechanical ventilation, surgery, and TPN were
collected via questionnaire.

Methods

Commercially available pre-sterilized cotton
swabs from HiMedia laboratory were used for
sampling. The swabs from the skin (axilla),
umbilicus, respiratory tract, and gastrointestinal
tract (rectum) were inoculated on Sabouraud
Dextrose Agar (SDA) and incubated aerobically
at 37°C for 48 hours. The growth was identified by
morphology study, germ tube production, and
carbohydrate fermentation and assimilation test
[10]. Growth was enumerated semi-quantitatively
as light (< 10 colonies), moderate (10-100
colonies), or heavy (> 100 colonies) [11]. Blood
samples were collected from all neonates under
aseptic precautions. The volume of blood taken
for blood culture was 1 ml for neonates having a
weight less than 1000 grams and 2 ml for weight
between 1000 to 1500 grams [12]. These blood
culture bottles were observed for at least one week

© Journal of Krishna Institute of Medical Sciences University 11



JKIMSU, Vol. 11, No. 4, October-December 2022

Sheetal Gouda et al.

before declaring sterile. Any growth isolated from
these bottles were subcultured on SDA and further
identified by the conventional method[10].

Statistical analysis

o test

%’ test of significance was applied to know the
association of various categorical variables like
birth weight, gestation age, mode of delivery,
respiratory distress, diabetes, use of steroids,

prolonged use of antibiotics with colonization and
IC. Ap-value < 0.05 was considered significant at
95% confidence level.

IC Prediction models

Various models were used to predict IC, which
include CI, CCI, OCPR, and CS. The scores and
cut-off for the prediction models were calculated
as shownin Table 1.

Table 1: Various models to predict invasive candidiasis

Risk Model | Components

Cut-off

CI[4] ol =

No.of non — blood sites colonized

Score 0.5

No.of body sites cultured

CCI[4]

No.of sites heavily colonized

Score 0.4

CCl=Cl X

No.of sites colonized

OCPR[5]

following:
(1) Surgery (0-7 days)
(i1) TPN (1-3 days)

(iv)Pancreatitis (0-7 days)
(v) Dialysis (1-3 days)

ICU and mechanically ventilated (48 h), antibiotic
use and CVC (1-3 days), and at least two of the

(ii1)Immunosuppressive use (0-7 days)

(vi)Use of steroids (3-7 days)

Satisfying conditions
are termed as 'positive'

CS|[7] Clinical sepsis —2 points
TPN -1 point
Surgery — 1 point

Multifocal colonization— 1 point

Score 3

CI — Colonization Index, CCI — Corrected Colonization Index, OCPR - Ostrosky's Clinical Prediction Rule,
CS — Candida Score
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ANN prediction model

ANN modelling was used in this work to derive a
relationship between the various clinical and
microbiological factors that were found significant
from the y” test, to predict the risk of IC. The neural
network was developed with an input layer
(number of nodes corresponding to significant risk
factors), one hidden layer (10 nodes) and one
output layer with a single node corresponding to
IC. The values entered in the model were either one
or zero, corresponding to a response of “yes” or a
“no”. The model was trained using the Levenberg-
Marquardt algorithm and was retrained until the
regression coefficients for training, testing, and
validation were more than 0.8, and the mean
square error was less than 0.01. Out of the 103
samples, 70% were used for training, 15% for
testing, and the remaining 15% for validation. The
developed model was then used to compare with
the existing data, and any output showing a value
0.5 was considered as a risk to IC. The modelling
was carried out using the neural network tool in
MATLAB 2015 software.

Interpretation of risk prediction models

The agreement of the risk prediction models was
determined by calculating sensitivity, specificity,
PPV, NPV, positive and negative likelihood ratios
(PLR,NLR)[13].

Results

Sociodemographic and clinical data

The study population consisted of 103 neonates; 60
were males and the remaining 43 females. VLBW
neonates were 87.4%, and the remaining 12.6%
were ELBW. Seventy-five (72.8%) were preterm,
and 28(27.2%) were term neonates. Twenty-one
were delivered by lower segment caesarean section
and 82 by vaginal delivery. Among 13 neonates

who developed respiratory distress, 9(69.2%) were
preterm, and 5(38.5%) were ELBW. Seven had
diabetes mellites, and among them, 5(71.4%) had
respiratory distress. Fifteen neonates were on
prolonged use of antibiotics.

Distribution of colonization

The swabs collected from the skin, umbilicus,
respiratory tract, and gastrointestinal tract showed
78 (75.7%) neonates colonized with Candida
species. Ten out of 13 ELBW and 65 out of 90
VLBW revealed colonization. Among 82 who had
vaginal delivery, 78% were colonized. Among 78
neonates who were colonized, 71.8% had multi-
focal colonization, 14.1% had RD, 16.7% were on
antibiotics, and 9% were diabetic.

Various Candida species isolated from the
colonized sites of 78 neonates included C. albicans
(43.8%), C. parapsilosis (25.8%), C. tropicalis
(12.4%), C. glabrata (10.7%) and C. krusei
(7.3%). The highest growth was obtained from the
skin (66) and the least from the respiratory tract
(14).

Invasive candidiasis

The blood cultured from 103 neonates revealed IC
among 21(20.4%) neonates. The distribution of
various species of Candida obtained from blood
cultures are depicted in fig. 1. The highest isolate
obtained was C. albicans - 9(43.8%), followed by
C. parapsilosis - 5 (23.8%).

2
% testresults
The results and the association between various
variables applied using y’ tests are shown in Table 2.

Prediction of IC

From the i’ test, a significant association with IC
was noted for gestation age, mode of delivery,
respiratory distress, diabetes, prolonged use of
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antibiotics, and colonization. These factors were
used as input nodes to the ANN model, where
colonization was represented by CI. The neural
network diagram of the model is shown in fig. 2.
The sensitivity, specificity, PPV, NPV, PLR, and
NLR were determined for each risk prediction

specificity.

Table 2: Association of different factors with colonization and IC

i’ test variables Probability | Association
Factors contributing to candidiasis | Candida growth value

Birth weight Colonization 0.459 Not Significant
Gestation age Colonization 0.013 Significant
Mode of delivery Colonization 0.000 Significant
Diabetes Colonization 0.000 Significant
Prolonged use of antibiotics Colonization 0.002 Significant
Respiratory distress Colonization 0.010 Significant
Use of steroids Colonization 0.118 Not Significant
Gestation age IC 0.001 Significant
Mode of delivery IC 0.000 Significant
Diabetes IC 0.000 Significant
Prolonged use of antibiotics IC 0.000 Significant
Respiratory distress IC 0.001 Significant
Multifocal colonization IC 0.000 Significant

IC — Invasive Candidiasis

model, as shown in Table 3. Among all the models,
the highest PPV was found for the ANN model
(83.3%), followed by CS (76.5%). ANN satisfied
agreeable values for PPV, NPV, sensitivity, and

© Journal of Krishna Institute of Medical Sciences University

14



JKIMSU, Vol. 11, No. 4, October-December 2022 Sheetal Gouda et al.

Table 3: Results of various risk prediction models

Prediction Model PPV | NPV | Sensitivity | Specificity | PLR | NLR
(%) | (%) (o) (%0)

Cl 37.5 100.0 100.0 57.3 23 0.0
CC1 72.7 93.8 76.2 92.7 10.4 0.3
OCPR 66.7 80.2 9.5 98.8 7.8 0.9
CS 76.5 90.7 61.9 95.1 12.7 0.4
ANN model 83.3 98.7 95.2 95.1 19.5 0.1
(present work)

(Data presented as Number (%);PB: Polymyxin B; SXT: Co-trimoxazole; AN: Amikacin; IPM: Imipenem,
CP: Ciprofloxacin; GM: Gentamicin; CAZ: Ceftazidime, NA: Nalidixic Acid; AM: Ampicillin; FM, Nitrofurantoin

Ilﬁﬁi

C. albicans C. Parapsilosis C. glabrata C. tropicalis C. krusei

—
[w]

Number of samples
S = N W A U N 0 0 O

Candida species

Figure 1: Distribution of various species of Candida obtained from the blood culture
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Input Layer

| —Gestational age
2 —Mode ol delivery
3 —Respiratory distress
4 - Diabetes
Antibiotics
Colonization Index

= Lh

Hidden layer

Ouiput Layer

Invasive
candidiasis

Figure 2: The neural network model used in the current work

Discussion

Factors affecting colonization

The present study shows 78 neonates colonized
with Candida species. These findings are similar to
studies where the colonization rate ranged from
60-76.2%][14,15]. Higher colonization in neonates
could be attributed to the increased trans-
epidermal water loss from neonatal skin, creating a
moist environment that facilitates fungal
colonization[16].

The colonization was highest among preterms
(77.3%) and vaginal delivery (78%). y tests
showed a significant association of gestation age,
mode of delivery with colonization proving that

colonization is inversely proportional to gestation
age and directly related to colonization of birth
canal. The findings are similar to studies where
colonization was higher among preterm [17] and
vaginal delivery [18]. Higher colonization among
preterm could be due to functionally incompetent
epidermis barrier, absence of vernix caseosa,
developmental defects in immune function, and
weak cutaneous defences[19]. Higher colonization
by vaginal delivery could be due to colonization of
the birth canal which transmits vertically to the
mouth of newborn during labour[20].
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A significant association was noted among
prolonged use of antibiotics, respiratory distress,
and diabetes with colonization, suggesting that
these factors play an important role on
colonization and are similar to studies in the
literature[3,21].

Colonization pattern

C. albicans (43.8%) was the most common isolate
obtained from colonized sites, followed by C.
parapsilosis (25.8%), as seen in the literature [21-
23]. Further study by David et al. [24] also
suggested that centres that do not use antifungal
prophylaxis, C. albicans and C. parapsilosis
account for the majority of cases. Skin (37.1%)
was the most commonly colonized site, followed
by the gastrointestinal tract (31.5%), as seen in the
literature [25]. The higher colonization on the skin
could be due to increased moisture or diffused
glucose on the epithelial surface of the skin[26].

Invasive candidiasis

Among 103 neonates, 56 had multifocal coloni-
zation, and among them, 21 developed IC.
Statistical analysis showed a significant associa-
tion between multifocal colonization and IC,
suggesting multifocal colonization as a risk marker
for determining IC similar to studies in the
literature [11,28]. This could be because Candida
species produce proteases and phospholipases that
lyse the thin keratin and lipid membrane of the
neonatal skin, which facilitates epithelial invasion
[28]. A significant association was also noted with
IC for factors of gestation age, mode of delivery,
diabetes, prolonged use of antibiotics, and
respiratory distress suggesting these factors also
contribute to the development of IC.

C. albicans (43.8%) was the most common isolate
obtained from blood cultures, followed by C.

parapsilosis (23.8%), which is comparable to the
results as seen in the literature [21,29]. This could
be attributed as a consequence of increased
colonization, together with a local or generalized
defect in host defences leading to invasion into the
bloodstream [25]. Further, mechanical disruption
of fragile premature skin during handling and
medical procedures associated with barrier
perturbation increases the risk of IC following
colonization[30].

Prediction of IC

For an ideal predictive model, PPV, NPV,
sensitivity, and specificity values should be the
highest (100%). The only model that appropriately
satisfies all the parameters is the ANN model, with
NPV, Sensitivity and Specificity >95%. PPV is
83.3% but is still the highest compared to the other
models. PPV and sensitivity depict a model's
closeness to the number of true cases having a
disease, which is not satisfactorily predicted by CI,
CCI, OCPR, and CS. Although CI has a sensitivity
of 100%, its PPV is relatively poor (37.5%).
Similarly, the values of PLR and NLR are required
to be maximum and minimum, respectively, which
is greatly satisfied by the ANN model compared to
the others. The main reason that ANN can more
accurately predict the disease is its comprehensive
modelling design that accommodates various
weights and biases to all the risk factors to
carefully predict the IC with low errors[9].

Conclusion

The present work focused on assessing risk factors
involved in predicting Invasive Candidiasis among
neonates using a novel ANN model and was
compared with various prediction models like
Colonization Index, Corrected Colonization
Index, Ostrosky's Clinical Prediction Rule, and

© Journal of Krishna Institute of Medical Sciences University 17



JKIMSU, Vol. 11, No. 4, October-December 2022 Sheetal Gouda et al.

Candida Score. High values of Positive Predicting
Value, Negative Predicting Value, sensitivity,
specificity, and positive likelihood ratio were seen
with the present ANN model suggesting it to be
superior to other models.
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