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Abstract:

Background: Invasive candidiasis is a major hospital acquired fungal infection in Nigeria. Despite advances in
support of critically ill patients, candidaemia is still associated with high morbidity and mortality. Data on
Candida bloodstream infection among paediatric patients is limited in Nigeria and this informed this study,
which was undertaken to investigate the prevalence, species distribution, antifungal susceptibility pattern for
blood stream infections due to Candida species in University College Hospital, Ibadan, Nigeria.

Methodology: This was a descriptive study which recruited 322 immunocompromised paediatric patients. All
Candida isolates obtained from their blood samples through blood culture were identified to species level by
germ tube test and PCR-Restriction Fragment Length Polymorphism (RFLP) analysis of 16S rRNA genes with
Mspl. Antifungal susceptibility test was performed on the isolates using the Vitek 2 system

Results: Eighteen (5.6%) of the 322 patients had candidaemia, with Candida albicans accounting for 14
(77.0%), and Candida glabrata and Candida tropicalis accounting for 2 (11.0%) of the isolates each. Fourteen
(77.0%) isolates were susceptible to fluconazole and voriconazole, 8 (44.0%) were susceptible to caspofungin
and micafungin, 10 (55.0%) were susceptible to amphotericin B and 17 (94.0%) were susceptible to flucyto-
sine.

Conclusion: This study highlights the reality of candidaemia in hospitalized immunocompromised children,
mostly caused by Candida albicans and other Candida species, exhibiting resistance to echinocandins, azoles
and amphotericin B. It is important to have a high index of suspicion and efforts should be made to rightly
identify the concerned Candida species and perform susceptibility testing before initiating antifungal treatment.
This will ensure better outcome for the patients.
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Résumeé:

Contexte: La candidose invasive est une infection fongique nosocomiale majeure au Nigeria. Malgré les
progrés réalisés dans la prise en charge des patients gravement malades, la candidémie reste associée a une
morbidité et une mortalité élevées. Les données sur les infections sanguines a Candida chez les patients
pédiatriques sont limitées au Nigéria et cela a éclairé cette étude, qui a été entreprise pour étudier la
prévalence, la répartition des espéces et le profil de sensibilité aux antifongiques pour les infections sanguines
dues aux espéces de Candida a I'Hopital Universitaire d'Ibadan, au Nigeria.

Méthodologie: 1| s'agissait d’'une étude descriptive qui a recruté 322 patients pédiatriques immunodéprimés.
Tous les isolats de Candida obtenus a partir de leurs échantillons de sang par hémoculture ont été identifiés au
niveau de l'espéce par un test en tube germinal et une analyse PCR-Polymorphisme de Longueur des
Fragments de Restriction (RFLP) des génes de I'ARNr 16S avec Mspl. Un test de sensibilité aux antifongiques a
été réalisé sur les isolats a I'aide du systeme Vitek 2.

Résultats: Dix-huit (5,6%) des 322 patients présentaient une candidémie, Candida albicans représentant 14
(77,0%) et Candida glabrata et Candida tropicalis représentant 2 (11,0%) des isolats chacun. Quatorze
(77,0%) isolats étaient sensibles au fluconazole et au voriconazole, 8 (44,0%) étaient sensibles a la
caspofungine et a la micafungine, 10 (55,0%) étaient sensibles a I'amphotéricine B et 17 (94,0%) étaient
sensibles a la flucytosine.

Conclusion: Cette étude met en évidence la réalité des candidémies chez les enfants immunodéprimés
hospitalisés, principalement causées par Candida albicans et d'autres espéces de Candida, présentant une
résistance aux échinocandines, aux azoles et a I'amphotéricine B. Il est important d'avoir un indice de suspicion
élevé et des efforts doivent étre faits pour identifier correctement les espéces de Candida concernées et
effectuer des tests de sensibilité avant de commencer un traitement antifongique. Cela garantira de meilleurs
résultats pour les patients.

Mots clés: Candidémie, prévalence, pédiatrique, immunodéprimé, PCR-RFLP

Introduction: decades but the emergence of Candida as an
important cause of human infection started
Candidiasis refers to fungal infection with the introduction and use of new drugs
caused by a yeast from the genus Candida that inhibit normal human host defence mec-
(1). In the past 40-50 years, Candida species hanisms, especially the use of potent broad-
have changed from occasionally encountered spectrum antibiotics. These agents disrupt
pathogens that were initially regarded as mere the normal microbiota of the human body
contaminants to pathogens that cause myriad and enable non-bacterial organisms to flou-
of superficial and invasive diseases (2). Sup- rish (5,6).
erficial infections tend to be community-acqg- Following the introduction and incre-
uired, and cause considerable morbidity. On asing use of antifungal drugs, the causes of
the other hand, invasive and systemic Candi- Candida infections changed from primarily C.
da infections tend to be acquired in hospitals albicans to the other non-albicans species,
or healthcare settings (1,2). Superficial cand- and these are now responsible for about 50%
idiasis has different clinical manifestations, of all cases of candidaemia and other forms
ranging from oropharyngeal and cutaneous, of systemic disseminated candidiasis (7).
to vaginal candidiasis, while systemic candid- This is a clinically important fact worth noting
iasis is made up of two syndromes; candid- because the various Candida species differ in
aemia, which refers to bloodstream infection their susceptibility to antifungal agents, esp-
by Candida, and disseminated candidiasis, wh- ecially the newer agents. In the developed
ich refers to organ infection by Candida spe- countries, where medical therapeutics are
cies. commonly used, Candida species are now
The genus Candida contains 150 to among the most common nosocomial patho-
200 species but only about 20 of them are gens (8,9). Candida causes serious infection
known to cause disease in humans. From especially when it gets into the bloodstream.
among these, the main pathogens that cause Globally, there are five species primarily inv-
infections in man are Candida albicans, Can- olved in these bloodstream infections in both
dida glabrata, Candida tropicalis, Candida pa- adult and paediatric patients; C. albicans, C.
rapsilosis, Candida krusei, Candida guillier- glabrata, C. tropicalis, C. parapsilosis and C.
mondii, Candida kefyr, Candida lusitaniae, krusei but C. albicans is still the most com-
Candida dubliniensis, and Candida pseudotr- mon isolate in Candida bloodstream infection
opicalis, with the first five Candida species globally (10-12).
causing the majority of systemic human inf- The diagnosis of Candida bloodstream
ections (3,4). infection is based on isolation of the offen-
Candida species are found every- ding organism from blood culture; however,
where in nature and are known to inhabit the the sensitivity remains low and it takes an
human alimentary canal, the skin and the average of 4-5 days to complete the process.
genital tract of females. Cases of candidiasis This has led to the development of other
in debilitated patients have been known for complementary serological tests and even
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molecular tests that detect fungal DNA direc-
tly in the blood sample, greatly speeding up
the diagnostic process. There is still need to
perform antifungal susceptibility testing of
the isolate in selected cases to properly guide
the therapy (13). Treatment is based on the
local fungal epidemiology and the antifungal
susceptibility pattern but generally, because
of the changing landscape of fungal isolates,
the recently updated guidelines from the Inf-
ectious Disease Society of America (IDSA)
recommends echinocandin or fluconazole as
the empirical treatment in most paediatric
and adult patients (5).

The management of invasive candidi-
asis is negatively affected by the delays in
prompt diagnosis and the dearth of reliable
diagnostic methods that enable detection of
both Candida bloodstream infection and tis-
sue invasion by Candida species (1,7). This
study was undertaken to investigate the pre-
valence, species distribution, antifungal sus-
ceptibility pattern of bloodstream infections
caused by Candida species at the University
College Hospital, Ibadan, Nigeria.

Materials and method:

Study setting:

This study was conducted in the dep-
artment of paediatrics of the University Col-
lege Hospital (UCH), a tertiary health facility
situated in Ibadan, the second largest city in
southwestern Nigeria. The hospital is an 820-
bed facility and attends to patients from all
over the country, especially southwest Nige-
ria.

The department of paediatrics is one
of the core foundation departments of the
hospital whose primary activity is the provis-
ion of specialized and patient-friendly servi-
ces for children. It has 7 wards and an out-
patients clinic which runs every weekday.
Paediatric patients, when indicated, are adm-
itted to the general intensive care unit (ICU)
and burns unit.

Study design:

This was a cross-sectional study in
which immunocompromised children at risk
of invasive Candida infection in UCH were
recruited for the study. The entire study was
done between February 2019 and February
2020

Sampling technique/selection of study parti-
cipants:

A purposive sampling method was
adopted. Every week, the first 10 at-risk pat-
ients in the wards whose caregivers consen-
ted were recruited into the study. The hos-
pital has a total of 7 wards involved in this
study and these were grouped into two. Pat-
ients were recruited from alternate groups on
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alternate weeks which allowed for proportio-
nate selection of patients.

Study population:

This comprised of immunocompromi-
sed children admitted into any of the paedi-
atric wards of the department of paediatrics,
ICU and burn unit of the hospital. An immu-
nocompromised host is a patient who has a
weakened immune system, and such patients
have reduced ability to fight infections and
other diseases. This may be due to certain
diseases such as AIDS, cancers, diabetes,
chronic renal diseases, severe malnutrition,
prematurity, extremes of age and certain ge-
netic disorders. Other causes include certain
medicines or treatments such as anticancer
drugs, radiation therapy, and stem cell or
organ transplant.

Inclusion criteria:

Immunocompromised paediatric pati-
ents (0-18 years of age), whose caregivers
consented to the study and who were admit-
ted to UCH Ibadan with signs of bloodstream
infection and sepsis with at least two of the
following; fever (core temperature >380C) or
hypothermia (core temperature <36°C), abn-
ormal leucocyte profile with counts either el-
evated or depressed for age or > 10% imma-
ture neutrophils, tachypnoea (RR>2SD above
normal for age, and tachycardia (HR>2SD
above normal for age) or bradycardia (HR<
10th percentile for age).

Ethical consideration:

Ethical approval was obtained from
the Joint Ethics Committee of the University
of Ibadan and University College Hospital,
Ibadan prior to commencement of the study.
Informed consent of parents or guardians of
participants and informed assent of the older
participants were obtained before recruit-
ment into this study.

Specimen collection and handling:

About 2ml of venous blood was colle-
cted from septic neonates, infants and child-
ren under 5 years of age into to BD BACTEC
-BD Peds Plus-Blood culture vials, while 8-
10 mis of venous blood was collected from
older children into BD BACTEC-Mycosis IC/F
Medium culture vials, which was used for
selective culture and recovery of fungi from
blood. The sample vials were transported to
the laboratory for culture.

Laboratory culture of samples:

The vials were incubated at 37°C in
the automated BACTEC FX40 blood culture
system (Becton Dickinson, Inc., Sparks, MD,
USA). The vials flagged positive for growth
were removed from the incubator and inocu-
lated onto SDA, Blood, Chocolate, and Mac-
Conkey agar plates. These were incubated
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overnight at 37°C under aerobic condition,
after which the colonies were Gram stained.

Phenotypic identification of Candida from cul-
tures:

Isolates identified from culture plate
as Candida on Gram stain was tested by
germ tube test (GTT) to presumptively iden-
tify C. albicans and non-albicans Candida.

Molecular identification of Candida from cul-
tures by PCR and RFLP analysis:

Candida isolates were identified to
species level by conventional PCR and Restr-
iction Fragment Length Polymorphism (RFLP)
analysis. The DNA was extracted from each
Candida isolate using Yeast DNA preparation
kit (Jena Bioscience) in accordance with the
manufacturer’s instructions, and amplified by
PCR using primers that targets the internal
transcribed spacer regions of the ribosomal
DNA (ITS1 5'-TCC GTA GGT GAA CCT GCG
G-3’ and ITS4 5'-TCC TCC GCT TAT TGA TAT
GC-3') (14).

The PCR reaction was performed in a
thermal cycler (Applied Biosystems, ABS 7000)
programmed as follows; initial denaturation
of 95°C for 5 minutes followed by 35 cycles
of 95°C for 30 seconds, 55°C for 30 seconds
and 72°C and then a final elongation of 72°C
for 7 minutes. PCR grade water as the nega-
tive controls were included in each test. The
amplified PCR products were electrophoresed
in 2% agarose gel and photographed by a
camera.

The different strains of the Candida
species were detected by RFLP analysis with
Mspl and Haell enzymes (Jena Biosciences,
Jena Germany) following the manufacturers
instruction. Briefly, 10ul of the PCR amplicon
was added to 2pl of universal buffer, with 2l
of either of the restriction enzymes, and inc-
ubated at 38°C for 30 minutes. The products
were then run on agarose gel electrophoresis
and the species determined based on the
cutting pattern of the MspI enzyme (15).

Antifungal susceptibility test:

This was done with Vitek 2 antifungal
susceptibility system (BioMérieux) against the
following antifungals; voriconazole, flucona-
zole, amphotericin B, flucytosine, micafungin
and caspofungin. Quality control strain used
was C. parapsilosis ATCC 22019. The test
was done in accordance with CLSI document
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M27-A3, Reference Method for Broth Dilution
Antifungal Susceptibility Testing of Yeasts,
Approved Standard, 3™ edition.

Data analysis:

Data were analysed using the SPSS
version 25.0 software and presented as des-
criptive and inferential statistics. Means (+
SD) were derived for quantitative variables,
while qualitative variables were summarized
as proportions. Chi-square test was used to
determine the association between variables.
The multivariate analysis was performed by
binary logistic regression to ascertain the as-
sociation between the risk variables and pre-
valence of candidaemia. P values < 0.05 was
considered significant.

Results:

Demographic and clinical characteristics of
the study participants:

A total of 322 participants were recr-
uited into this study. The mean age was 2.4
years, with 129 (40.1%) patients being less
than 1 month old and 3 (0.9%) patients more
than 15 years of age. The male to female
ratio was 1.28:1. All recruited patients were
admitted into the different wards and the
majority 222 (70.5%) were on admission for
between 1-10 days, 26 (8.1%) patients were
admitted for between 21-30 days while 3
patients (0.9%) were on admission for more
than 30 days. About 80% of the patients had
sepsis as the underlying pathology, 18 (5.6%)
had malignancies, 45 (14.0%) had very low
birth weight, 8 (2.5%) had HIV and 23 (7.1%)
had sickle cell disease.

Majority of the patients received int-
ravenous broad-spectrum antibiotics while on
admission, and the average number of days
of antibiotics administration was 7.3 days
(Table 1). One hundred and eleven (34.0%)
patients had antibiotics for a number of days
ranging between 8-14 days, while 3 (0.9%)
received antibiotics for more than 21 days.
All (100.0%) the patients had intravenous
lines, 16 (5.0%) had surgery, 8 (2.4%) had
urethral catheter, 88 (27.3%) had total par-
enteral nutrition, 5 (1.6%) had haemo/peri-
toneal dialysis while 3 (0.9%) had mechanic-
cal ventilation in the course of hospital admi-
ssion (Table 1).
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Table 1: Demographic and clinical characteristics of the study participants

Variable Frequency Percent
Age group (days)

0-28 days 129 40.1
> 28 days 193 59.9
Gender

Male 181 56.2
Female 141 43.8
Days on admission

1-10 227 70.5
11- 20 66 20.5
21- 30 26 8.1
30 + 3 0.9
Underlying disease

Sepsis 189 58.7
Systemic infection 31 9.6
Solid tumours 10 3.1
Haematological malignancy 8 2.5
Very low birth weight with sepsis 45 14.0
Human immunodeficiency virus infection 8 2.5
Renal disease 3 0.9
Severe burns 5 1.6
Sickle cell disease with sepsis 23 7.1

Prevalence of blood stream infection and dis-
tribution of Candida species:

A total of 72 (22.4%) patient’s blood
samples yielded growth of one or more orga-
nisms while 252 (77.6%) samples yielded no
growth. This gave the prevalence of micro-
biologically documented bloodstream infect-
ion of 22.4% in this study. Of those with pos-
itive blood cultures, 18 (24.3 %) had Candi-
da bloodstream infection while 54 (75.7%)
had bacterial bloodstream infection.

The distribution of the Candida spe-
cies by PCR and RFLP analyses is as follows;
C. albicans 14 (77.8%), C. glabrata 2 (11.1%)
and C. tropicalis 2 (11.1%), while the germ
tube test (GTT) identification of the Candida
isolates is as follows; C. albicans 10 (55.5%)
and non-albicans Candida 8 (44.4%).
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Table 2: Distribution of Candida species by PCR-RFLP analysis

Isolates Frequency Percentage
Candida albicans 14 77 .77
Candida glabrata 2 11.11
Candida tropicalis 2 11.11
Total 18 100

Table 2 shows the species distribu-
tion of the Candida isolates identified using
PCR while Fig 1 shows the image of agarose
gel electrophoresis after PCR. Fig 2 shows
the agarose gel electrophoresis after RFLP
with restriction enzyme Mspl.
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Samples in lanes 1,2,3,4,6,9, 14,15,16, 18 and 21 had the expected band sizes of 700 to 800bp.

Fig 1: Agarose gel electrophoresis picture of PCR amplicons for detection of Candida species using primers ITS1 and ITS4

i 2 3 4 5

6 7 8 9 10 11 12 13 141516 17 18 19 20 21 L

50 base pair ladder

Lanes 7-18 = C. albicans, Lanes 1 and 19 = C. glabrata; Lanes 5 and 21 = C. tropicalis

Fig 2: Agarose gel electrophoresis picture of PCR-RFLP with restriction enzyme Mspl

Antifungal susceptibility of Candida species:

Fourteen (77%) Candida isolates were
susceptible to fluconazole and voriconazole,
3 (16.6%) were resistant while 1 (5.5%) was
of intermediate susceptibility to the antifun-
gals respectively. Eight (44.4%) of the isola-
tes were susceptible to caspofungin and mica

fungin respectively while 10 (55.5%) were
resistant to both antifungals. Ten (55.5%) of
the isolates were susceptible to amphotericin
B, 5 (27.7%) were resistant while 3 (16.6%)
had intermediate susceptibility to the anti-
fungal. All but one isolate was susceptible to
the antifungal, flucytosine (Table 3).

Table 3: Antifungal susceptibility test result of the Candida species to selected antifungal agents

Antifungal/Isolates Candida albicans Candida glabrata Candida tropicalis
(n=14) (n=2) (n=2)
Fluconazole S (%) 10 (71.0) 2 (100.0) 1 (50.0)
I(%) 1(7.0) - -
R (%) 3(21.0) - 1 (50.0)
Voriconazole S (%) 10 (71.0) 2 (100.0) 2 (100.0)
I(%) 1(7.0) - -
R (%) 3(21.0) - -
Caspofungin S (%) 7 (50.0) - 1 (50.0)
I(%) - - -
R (%) 7 (50.0) 2 (100.0) 1 (50.0)
Micafungin S (%) 6 (43.0) 1 (50.0) 1 (50.0)
I(%) - - -
R (%) 8 (57.0) 1 (50.0) 1 (50.0)
Amphotericin B S (%) 9 (64.0) 1 (50.0) 1 (50.0)
1(%) 3 (22.0) - R
R (%) 2 (14.0) 1 (50.0) 1 (50.0)
Flucytosine S (%) 14 (100.0) 2 (100.0) 1 (50.0)
I(%) - - -
R (%) - - 1 (50.0)

S = Susceptible, I = Intermediate, R = Resistant, N = Number of isolates
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Discussion:

Candidaemia is a type of common hos-
pital acquired bloodstream infection that occ-
urs primarily in the immunocompromised. In
this study, Candida spp as a group was found
to be the most common aetiological agent of
bloodstream infection among immunocompr-
omised paediatric patients admitted into the
hospital during the period of this study. A
study conducted among immunosuppressed
patients in Turkey put Candida species as the
third commonest cause of bloodstream infec-
tion while another study in South Africa amo-
ng oncology paediatric patients reported Ca-
ndida species as the fifth commonest cause
of bloodstream infections. Studies from the
United States and Europe however showed
that Candida species are the third most com-
mon pathogen isolated in paediatric blood-
stream infection (12,16-19). The difference
could be because in our study, all the parti-
cipants were immunocompromised and had
signs and symptoms of bloodstream infec-
tion, together with the fact that a selective
blood culture media was used. In addition,
the developed world, unlike our environment,
has long established protocols and guidelines
which are applied consistently in diagnosis,
management and prevention of invasive fun-
gal infections.

The prevalence of candidaemia in our
study was 5.6% (18/322). This is lower than
7.4% reported in a study in India (19) but
higher than 3.5% reported in a study in the
United States (20). Although this rate is still
high, it could reflect changes made in the
management of invasive candidiasis in our
environment in the last couple of years, whi-
ch include high index of suspicion of such inf-
ections, better and more sensitive diagnostic
techniques employed in the evaluation of pa-
tients, stricter adherence to infection control
measures in the management of at-risk pati-
ents and local availability of more groups of
antifungal drugs employed in the manage-
ment of such patients when a diagnosis is
made.

The male to female ratio of the parti-
cipants in our study was 1.28:1 while the
ratio of patients with candidaemia was slight-
ly less at 1.25:1. Eleven of the patients with
candidaemia were neonates, buttressing the
observation made by Saiman et al., (21) who
reported that candidaemia is more common
in neonates than in other children because of
their immature immune system, prematurity,
low birth weight, and more frequent level of
intubation. Two of the patients with candid-
aemia had malignancies, one was HIV infect-
ed, and these also corroborates other studies
that show a higher incidence of candidaemia
in patients with immunosuppression caused
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by these conditions (18).

Candida albicans accounted for 77%
of the Candida isolates. This is similar to the
results of the studies by Ezenwa et al., (22)
and Santolaya et al., (23) which show that C.
albicans is still the predominant Candida spe-
cies that cause invasive Candida infection,
but differs from the result of the studies by
Awasthi et al., (20) and Kaur et al., (24) whi-
ch showed C. tropicalis and C. parapsilosis
respectively to be the primary Candida spe-
cies implicated in candidaemia. In this study,
resistance rate to fluconazole was 22.2% for
Candida spp, which is higher than the rate
reported by Oladele et al., (25) in a previous
study conducted in UCH Ibadan over a deca-
de ago where no resistance to fluconazole
was reported. It is however lower than the
rate reported in a study by Kaur et al., (24)
who reported rate of 37.8%.

Candida albicans exhibited resistance
rate of 21.0% to fluconazole, C. tropicalis ex-
hibited resistance rate of 50.0% while C. gla-
brata did not exhibit any resistance to fluco-
nazole. It is important to note the increasing
level of resistance to fluconazole in Ibadan
and take measures aimed at countering it
since fluconazole is still the primary antifun-
gal drug used for most invasive fungal infec-
tions in Nigerian hospitals. Another study by
Adhikary et al., (26) in Southern India repor-
ted higher level of resistance (47.9%) for all
Candida isolates to fluconazole, however, th-
ese isolates were susceptible to polyenes,
flucytosine and echinocandins. Fortunately,
the level of fluconazole resistance is still rela-
tively low in our study despite the fact that it
is the main antifungal drug used in the treat-
ment of candidaemia in our environment.

About 71.0% of C. albicans in our st-
udy were susceptible to voriconazole but the
other non-albicans Candida spp were 100.0%
susceptible to this antifungal. This is the con-
trary to the study by Kaur et al., (24), who
reported C. albicans to be 100.0% suscepti-
ble to voriconazole while C. parapsilosis was
62.5% susceptible to the drug. It is obvious
that voriconazole was an effective azole am-
ong all the Candida isolates tested, and it is
worth noting that in our study, almost all Ca-
ndida isolates resistant to fluconazole were
susceptible to voriconazole. This beyond dou-
bt proves that voriconazole is a very effective
azole. Such finding implies that voriconazole
due to its vast species coverage, can be used
in the treatment of candidemia caused by
fluconazole resistant strains. These observa-
tions are in accordance with previous studies
done by Madhavan et al., (27).

This study demonstrated that the Ca-
ndida spp were 44.0% susceptible to caspo-
fungin, 77.0% susceptible to amphotericin B
and 94.0% susceptible to flucytosine. Althou-
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gh these antifungals are not readily available
in our environment, it would be a very useful
measure to make them more available, esp-
ecially the flucytosine because they will come
in handy when an azole resistant Candida
spp is implicated in cases of invasive candidi-
asis. Unfortunately, these drugs are however
very expensive and not affordable by many
of the patients who might need them in our
resource limited environment.

Conclusion:

Candida bloodstream infection is a
very present in our environment and is also
increasing in prevalence even among paedia-
tric patients on admission, especially those
who are immunocompromised. It is necessa-
ry to have a high index of suspicion when
managing these patients and endeavour to
correctly identify the culpable organism and
perform antifungal susceptibility test as regu-
larly as possible. This will substantially imp-
rove patients’ survival and reduce the morta-
lity of this infection.
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