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Abstract

The upsurge of candidemia in the past years has been an immense encum-
brance on public health and the number of deaths caused by candidemia par-
ticularly in critical care unit patients is devastating. Candida species harbor a
30% - 60% mortality rate and compared to stable people or those with less se-
rious illnesses, this ranges from 60% to 80% of those who are chronically ill
patients. Grounded on a recent report from a tertiary care hospital in Kenya
showing the emergence of previously unobserved species: Candida auris, this
study aimed to determine the prevalence, species distribution, and antifungal
susceptibility profile of candidemia in critical care unit patients of the hospit-
al. 378 Critical Care Unit patients were enrolled for the study from January
2019 to January 2020. Positive archived isolates were sub-cultured using Sa-
boraud Dextrose Agar. Candida species were identified utilizing API20C AUX
and Vitek-2. Antifungal susceptibility testing was conducted using the Liofil-
chem MIC Test strip. Out of 378 patients, thirty-one presented a positive
culture for Candida species. The prevalence of Candidemia was 8.2% with 9
(29.03%) Candida auris, 8 (25.81%) Candida albicans, 6 (19.35%) Candida
parapsilosis, 3 (9.68%) Candida famata, 3 (9.68%) Candida tropicalis, 1
(3.23%) Candida duobushaemolumonii, and 1 (3.23%) Candida lusitaniae. A
resistance pattern to Fluconazole was observed among Candida auris and
Candida parapsilosis, and resistance to Flucytosine was observed in Candida
tropicalis, whereas susceptible MIC values were obtained for the other drugs.
There is an increase in candidemia among critical care unit patients in the
health facility posing a public health challenge. Moreover, the onset of new
species Candida auris which is unprecedented in Kenya warrants enhanced
infection control, and the uniform resistance of Candida auris, Candida pa-
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rapsilosis, and Candida tropicalis towards Fluconazole and Flucytosine ne-
cessitate constant drug monitoring for empirical treatment regime. In con-
trast, the high potency of Echinocandins and Amphotericin-B demonstrate
them as the drug of choice.

Keywords

Critical Care Unit, Candida Species, Candida auris, Candidemia, Antifungal
Susceptibility

1. Introduction

Fungal infections, explicitly Candida species have been the major cause of mor-
tality and morbidity in hospitalized patients and predominantly in the Critical
Care Units [1] [2]. Candida species reside inside the host as normal flora and
dwell in the oral cavity of healthy human beings, however, in immunocompro-
mised patients, these commensal microorganisms are capable of causing disease
[3]. Prominently causing nosocomial infections, Candida spp. rates the fourth in
causing all bloodstream infections and third of bloodstream infections in criti-
cally ill patients [4]. Worldwide in tertiary care hospitals, those results attribute
to mortality rates of 15% + 35% in adults and 10% * 15% in neonates [5]. Based
on studies done in several hospitalized patients, including intensive care unit pa-
tients, candidemia causes mortality of 47% among the patients [6].

In the USA, Candida species are considered as the third or fourth most causa-
tive agent of healthcare-acquired infections [5] and lead to a 30% - 60% mortali-
ty rate of hospitalized patients [6]. These are associated with changes in the indi-
viduals’ physiology and immunocompromised state which results in severe in-
fections [3]. Several risk factors of the origin of the Candida infections in hospi-
talized patients could be endogenously brought by the patients themselves or
could be from instruments in the hospital. It might also be contributed to con-
taminations of hospital surroundings or cross-infection from health workers
which would attribute to the exogenous cause [5] [7] [8]. Candidemia is fre-
quently seen among those infections, especially with patients in Critical Care
Units [5]. Moreover, as a result of these infections, expanded costs in healthcare
are incurred, ranging from $35,000 to $68,000 for a single candidemia case in the
United States [8].

Patterns of anti-fungal drug resistance by Candida species have been causing
stern public health challenges and were encompassed in CDC’s 2013 Antibiotic
Resistance Threat Report [9] [10]. Critically ill patients undergo invasive treat-
ments and consume several anti-fungal drugs, however, results of anti-fungal re-
sistance have been causing epidemiological unsustainability [11] [12]. Certain
Candida strains are progressively resistant to commonly used antifungal drugs.
Based on recent data from CDC, a discernable shift is observed in candidemia

occurrences with augmented drug resistance to first-line and second-line anti-
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fungal drugs such as Azoles and Echinocandins [10]. In the United States, 46,000
hospitalized patients face Candida infections each year, and approximately 30%
of those who harbor drug-resistant Candida species are estimated to die during
hospitalization [10]. Several reports state that the increase of anti-fungal resis-
tance has been resulting in high mortality and morbidity in critical care patients
[2] [13]. This has contributed to many deaths due to Candida infections in the
past years [11] [12].

According to literature from Kenya, the significant agent for hospital infec-
tions is considered to be Candida albicans [14] [15]. However, Candida auris has
recently been observed frequently in a tertiary care hospital in Nairobi, Kenya
grounded on several lab reports from ICU and HDU patients. Swift dissemina-
tion of this multi-drug resistant species is discerned in different parts of the
world [2]. It was first reported in 2009 and since then it has been detected in five
continents causing serious hospital-acquired infections [2]. A study conducted
in Kenya recorded a drug resistance pattern of Candida albicans and Candida
parapsilosis isolates towards fluconazole [14] [16], however, drug susceptibility
patterns of the novel species, Candida auris remains unreported up-to-date in
Kenya. Therefore, the aim of this study was to determine the prevalence and an-
tifungal susceptibility profile of Candida species among critical care unit patients
of the hospital.

2. Materials and Methods
2.1. Study Area

The study was conducted in a tertiary care hospital in Nairobi, Kenya. The hos-
pital has been officially operational since 9 April 1954 and is located on Argw-
ings Kodhek Road, in the neighborhood of Upper Hill, in Kenya’s capital city of
Nairobi. The hospital is a high capacity hospital and serves different patients
from the whole country [17].

2.2. Study Population

The study participants were enrolled from the intensive care unit and highly de-
pendent unit of the hospital. The study population included patients of all age
groups who had been requested for blood culture by a physician. A total of 378
patients based on Naing et al (2006) [18] formula were tested from January 2019
to January 2020 for Candida bloodstream infection in ICU and HDU of Nairobi
Hospital. Out of those thirty-one (31), patients showed positive culture for Can-
dida and the isolates were archived.
. zZ(ngl— P)

where: n = Sample size.

Z = The confidence interval at 95% (1.96).

P = Estimate of the proportion or anticipated prevalence used 12.42% candi-

diasis from a population-based study in Africa [19].
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d = margin of error at 5% (0.05).

_Z°(P)(1-P) _1.96°(01242)(1-01242)

= =167
d? 0.05?

2.3. Culture of Isolates

The archived isolates which had positive blood culture underwent a sub cultur-
ing method using Saboraud dextrose agar (SDA). Isolates that were stored in
glycerol were inoculated in a Petri dish plate with a Saboraud Dextrose media
and they were incubated in 37°C for 24 - 48 hours. The appearance of creamy

white colonies with soft texture was considered positive for Candida growth.

2.4. API1 20C AUX and VITEK-2 Tests

A confirmatory test was done for the cultured isolates to identify the specific
species using API 20C AUX (Biomerieux, USA). Isolated Candida colonies were
inoculated in the API 20C cupules for positive or negative growth check in the
19 assimilation tests [20]. Incubation of the strip was done for 48 and 72 hours
in 31°C, after which the reactions were compared to the first cupule containing
negative control. The numbers recorded were interpreted using apiweb™ soft-
ware (Biomerieux, SA). Isolates that were identified as Candida famata by API
20C AUX (Biomerieux, USA) were confirmed using VITEK-2 version 8.1 (Bio-
merieux, USA) to differentiate whether they were truly Candida famata or they
were misidentified Candida auris or Candida duobushaemolumonii. The test was
done following the manufacturer’s instructions for VITEK-2 (Biomerieux, USA)
[21].

2.5. Antifungal Susceptibility Testing

Anti-fungal drug susceptibility was performed using Liofilchem MIC test strip
(Liofilchem S.R.IL, Italy) for Fluconazole, Micafungin, Caspofungin, Amphoteri-
cin-B, Flucytosine, and Voriconazole [22]. The Liofilchem MIC test strip (Lio-
filchem S.R.L, Italy) is a non-penetrating plastic material designed to have 15
two-fold dilutions of antibiotic concentrations [22]. The strip was placed in a
Saboraud Dextrose Agar (SDA) inoculated with 0.5 McFarland pure colonies’
suspension of the isolated species. Subsequently, the agar plates were incubated
at 37°C and observed for Minimum Inhibitory Concentration (MIC) reading af-
ter 24 hours. The interpretation was done classifying the organisms as sensitive
or resistant based on CLSI MA-27 guidelines [23].

Quality control of the Identification and Antifungal Susceptibility tests in this
study was maintained using reference strains of Candida albicans ATCC: 14053
and Candida parapsilosis ATCC 22019.

2.6. Data Analysis

Data collected were documented in Microsoft Excel (Microsoft Corp, USA) be-
fore transferring to SPSS version 20 (IBM, USA) for analysis. Descriptive Statis-
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tics was done to determine the frequencies of the species distribution. Cross Ta-
bulation was used to determine the Prevalence of Candida species in relation to
age, ward, and gender. Chi-square was used for the level of significance. T-test
was used to calculate the p-value association between HDU and ICU based on
age, gender, and prevalence. Minimum and maximum susceptibility values were
calculated for all the drugs tested to obtain the MIC range.

3. Results
3.1. Characteristics of Study Population

A total of 378 patients were tested from January 2019 to January 2020. The study
population was patients admitted to ICU and HDU of the tertiary care hospital.
Out of 378 patients, 203 were from ICU and 105 from HDU. The median age for
ICU was 55 years (2 mon-95 years) and 61 years (16 - 101 years) in HDU with a
p-value of 0.0534 (Table 1). The majority of the patients were males at 158
(57.9%) and 60 (57.1%), while females were 115 (42.1%) and 45 (42.9%) in ICU
and HDU respectively. The prevalence of Candida infections was more promi-
nent in ICU with a total of 24 (77.4%) positive cases, with HDU having a lower

prevalence of 7 (22.6%) positive cases.

3.2. Prevalence and Distribution of Candida Species

Out of the 378 patients tested thirty-one (31) patients were found to have candi-
demia comprising 8.2% of the total patients. The highest prevalence was Candi-
da auris at 29.03% and the lowest prevalence in Candida duobushaemolumonii
and Candida lusitaniae, at 3.23% each (Figure 1).
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Figure 1. Distribution of Candida species from the API 20C AUX result.
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An overall higher prevalence was observed in ICU compared with HDU. In
patients under the age of 20 years, there were two positive cases in male patients
of HDU. In patients between the age of 20 - 40, there were four positive cases,
three being among the male patients and 1 in the female patient of ICU. A total
of seven patients (male and female) were positive for Candida species in ICU in
the age group of 41 - 60 while only two male patients were positive in HDU. The
most noteworthy prevalence was seen in patients above the age of 60 with females
comprising higher incidences of candidemia at 29.2% (7) while male patients
had lesser prevalence at 25% (6) in ICU. In contrast, males had a higher occur-
rence at 28.5% (2) than females at 14.3% (1) in HDU (Table 2). A chi-square test
on both sides showed there was no significant association of the prevalence results

with age, gender, and ward giving a p-value of 0.543, 0.401 and 0.436, respectively.

Table 1. Characteristics of the study population.

ICU HDU P-VALUE
Age
Median (Range) 55 years (2 months - 95 years) 61 years (16 years - 101 years) 0.0534
Gender M 128 o0 0.908
F 115 45
Prevalence (%) 24 (77.4%) 7 (22.6%) 0.319
Table 2. Distribution of Candida species based on age, ward, and gender.
ICU
Age Group (Years) <20 20 - 40 41 - 60 >60
Gender M F M F M F M F
Organisms
Candida auris 0 (0%) 0 (0%) 1(4.2%) 1(4.2%) 0 (0%) 0 (0%) 0 (0%) 4 (16.6%)
Candida albicans 0 (0%) 0 (0%) 1 (4.2%) 0 (0%) 0 (0%) 2(8.3%)  2(8.3%)  2(8.3%)
Candida parapsilosis 0 (0%) 0 (0%) 1(4.2%) 0 (0%) 2 (8.3%) 0 (0%) 2 (8.3%) 0 (0%)
Candida tropicalis 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(4.2%) 1(4.2%)
Candida famata 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (8.3%) 0 (0%) 1(4.2%) 0 (0%)
Candida duobushaemolumonii 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Candida lusitaniae 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(4.2%) 0 (0%) 0 (0%)
HDU
Age Group (Years) <20 20 - 40 41 - 60 >60
Gender M F M F M F M F
Organisms
Candida auris 1(14.3%) 0 (0%) 0 (0%) 0 (0%) 1(14.3%) 0 (0%) 1(14.3%) 0 (0%)
Candida albicans 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(14.3%) 0 (0%)
Candida parapsilosis 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(14.3%)
Candida tropicalis 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(14.3%) 0 (0%) 0 (0%) 0 (0%)
Candida famata 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Candida duobushaemolumonii 1(14.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Candida lusitaniae 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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3.3. Antifungal Susceptibility of Isolated Candida Species

Antifungal Drug Susceptibility tests were accomplished for the 31 isolates against
Fluconazole, Voriconazole, Micafungin, Caspofungin, Amphotericin B, and
Flucytosine covering the three-drug classes of anti-fungal drugs. All Candida
isolates in the study were sensitive to Micafungin, Caspofungin, Voriconazole,
and Amphotericin B. However, Candida auris and Candida parapsilosis demon-
strated complete resistance to Fluconazole whereas Candida tropicalis strains
were resistant to Flucytosine (Table 3). The lowest MIC value was observed in
Echinocandins, Micafungin at 0.023 pg/mL for Candida famata. Meanwhile, the
highest MIC value obtained was in fluconazole resistance at 256 ug/mL and was
observed in Candida auris and Candida parapsilosis strains. The test was con-
ducted utilizing the Liofilchem MIC test strip and was interpreted based on the
classification of CLSI breakpoints [23].

4. Discussion

This study documents the prevalence of candidemia among patients admitted to
the critical care unit of a tertiary care hospital in Nairobi, Kenya. The results
showed a higher prevalence of 8.2% compared to a study previously conducted
in Kenya showing a rate of 5 cases of candidemia per 100,000 patients [15]. The
increased candidemia could be attributed to the number of invasive measures
taken in hospitalized patients when handling their medical care and the immu-
nocompromised state of the patients also plays a role in the severity of the infec-
tion. This ascent in prevalence demonstrates a public health challenge, especially
to those who are hospitalized in ICU and HDU and have relatively severe ill-
nesses.

Existing publications of Candida infections in Kenya states that the most fre-
quently isolated Candida species was Candida albicans [14] [16], however, this
study highlights the onset of the new species, Candida auris in high prevalence.
Candida auris was first isolated in 2009 and recorded cases are portrayed by ele-
vated levels of total mortality [2] [24] [25] and high antifungal resistance rates
[26]. Of note, the vast majority of the infections reported involved patients that
are critically ill [24] [27]. Furthermore, identification has been difficult by mi-
crobiological techniques [2] [28] [29] notwithstanding Candida auris being one
of the most prevalent species which increases the risk of misidentification and
hence improper treatment. Candida auris's high virulence [30] [31], a profile of
multi-drug resistance [32], and rapid outbreak and global propagation marks it
as a worldwide threat [2].

The antifungal susceptibility tests performed showed a susceptible profile of
all isolates towards Echinocandins and Amphotericin B and Voriconazole. A
study conducted in a tertiary care hospital in Italy, however, showed a resistance
pattern of Candida albicans towards Voriconazole [33]. Besides, as evidenced in
certain reports Candida species are usually susceptible to Amphotericin-B as an

antifungal drug [33], and the resistance to Echinocandins is in very low percentages
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Table 3. Anti-fungal susceptibility results and minimum inhibitory concentration (MIC)
range against six antifungal drugs as evaluated by the Liofilchem MIC Test strip and dis-
tribution of isolates of Candida spp.

No. (%) Sensitivity Profile

Candida Species Total (%) MIC Range Sensitive (%) Resistant (%)
(ug/mL)
Candida auris 9 (29.03%)
Fluconazole >64 - 256 0 9 (100%)
Voriconazole 0.19-1.5 9 (100%) 0
Caspofungin 0.19-1 9 (100%) 0
Micafungin 0.06 - 1 9 (100%) 0
Amphotericin-B 0.064 - 0.75 9 (100%) 0
Flucytosine 0.50 - 1 9 (100%) 0
Candida albicans 8 (25.81%)
Fluconazole 0.5-4 8 (100%) 0
Voriconazole 0.125-1 8 (100%) 0
Caspofungin 0.012 - 0.94 8 (100%) 0
Micafungin 0.06 - 1 8 (100%) 0
Amphotericin-B 0.25 - 0.50 8 (100%) 0
Flucytosine 1-1.5 8 (100%) 0
Candida tropicalis 3 (9.68%)
Fluconazole 1-1 3 (100%) 0
Voriconazole 0.125 - 0.75 3 (100%) 0
Caspofungin 0.016 - 0.25 3 (100%) 0
Micafungin 0.50 - 0.75 3 (100%) 0
Amphotericin-B 0.38 - 0.50 3 (100%) 0
Flucytosine >32 0 3 (100%)
Candida famata 3 (9.68%)
Fluconazole 0.50 - 1 3 (100%) 0
Voriconazole 0.094 - 1 3 (100%) 0
Caspofungin 0.25-1 3 (100%) 0
Micafungin 0.023 - 0.38 3 (100%) 0
Amphotericin-B 0.047 - 0.5 3 (100%) 0
Flucytosine 0.38-1 3 (100%) 0
Candida parapsilosis 6 (19.35%)
Fluconazole >64 - 256 0 6 (100%)
Voriconazole 0.047 - 1 6 (100%) 0
Caspofungin 0.50-1 6 (100%) 0
Micafungin 0.25-1 6 (100%) 0
Amphotericin-B 0.25-1 6 (100%) 0
Flucytosine 0.75-1 6 (100%) 0
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Continued
Candida Lusitaniae 1 (3.23%)

Fluconazole - 1 (100%) 0
Voriconazole - 1 (100%) 0
Caspofungin - 1 (100%) 0

Micafungin - 1 (100%) 0
Amphotericin-B - 1 (100%) 0
Flucytosine - 1 (100%) 0

Candida Duobushaemolumonii 1(3.23%)

Fluconazole - 1 (100%) 0
Voriconazole - 1 (100%) 0
Caspofungin - 1 (100%) 0
Micafungin - 1 (100%) 0
Amphotericin-B - 1 (100%) 0
Flucytosine - 1 (100%) 0

Classification of sensitive and resistant according to the rules of the Clinical and Laboratory Standards In-
stitute M27-A3 [23]: Fluconazole (S: 8 pug/mL; R: 64 ug/ml); Voriconazole (S: 1 pg/mL; R: 4 ug/mL); Flucy-
tosine (S: 4 pg/mL; R: 32 pg/mL); Amphotericin B (S < 1 pg/mL; R > 2 ug/mL); Echinocandins (S < 2 pg/ml,
sensitive breakpoint only). S, sensitive; R, resistant.

to Candida albicans and non-albicans except for Candida glabrata [34]. Moreo-
ver, a study conducted in Kenya showed a resistance pattern of Candida albicans
towards Fluconazole at a rate of 26% [16]. Interestingly, there was no isolate of
Candida albicans showing resistance to any of the drug classes used in this study.
Aware of the latter assertion, the increased susceptibility of Candida albicans
might indicate the enhancement of drug regime towards this species as research
was done massively targeting it in Kenya [14] [15] [35].

Furthermore, an increased resistance pattern in three species was observed in
this study. Candida auris was seen to have a high resistance pattern up to 256
pg/ml for fluconazole indicating no susceptible isolate from all the 9 isolates
tested against fluconazole. The power of Candida auris to establish uniform re-
sistance to fluconazole might increase the mortality rates of immunocompro-
mised patients [2] [36]. This study additionally acquired a drug resistance pat-
tern towards Flucytosine by Candida tropicalis with 3 (100%) isolates showing
increased MIC values as was classified resistant by CLSI breakpoints. A study
conducted in Paris indicates the increased resistant activity of Candida tropicalis
towards Flucytosine [37], however, this has not been documented in Kenya pre-
viously. In spite of certain reports expressing Candida parapsilosis as frequently
susceptible to azoles [38] [39], several pieces of research have indicated its in-
creased resistance towards Fluconazole [23] [40] [41]. In this study, all isolated
Candida parapsilosis were discovered resistant to Fluconazole.

The drug susceptibility results exhibited a resistance pattern in the entirety of

the isolated species of Candida parapsilosis, Candida auris, and Candida tropica-
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lis. Critically ill patients face the threat of morbidity and mortality as a result of
the wide use of broad-spectrum anti-fungal drugs where there is a development
of resistance by Candida species [2]. Inherent causes of resistance are also noted
on top of the usual acquired pattern of drug resistance after antifungal drugs are
administered to patients [2] [42]. This intrinsic nature of resistance is usually
seen in non-albicans, as is documented in this study. Despite the fact that the
onset of drug resistance happens in several cases the pattern of complete resis-
tance in all three species might show transmission of the Candida species among
the patients. Infection control in patients with Candida has never been a chal-
lenge previously since it was comprehended that Candida infections derive es-
sentially from the translocation of host flora to usually sterile locations, such as
the bloodstream. Similar patterns of resistance, however, may suggest that the
same strain circulates across the patients attributed to hospitalized patients’
transmission as is confirmed by numerous studies [43] [44] [45]. The increased
resistance of the Candida species inclines a high risk to hospitalized patients and

might attribute to increased death rate particularly in critically ill patients.

5. Conclusion

There are increased candidemia cases in the critical care units of the health facil-
ity and dependent on the outcomes acquired, the study determined an excep-
tionally pervasive occurrence of new Candida species: Candida auris, and its
drug-resistant property as a high threat to the public. Thus, measures ought to
be taken to control the infection and transmission to diminish the mortality and
morbidity of critically ill patients. Additionally, Echinocandins showed high po-
tency as antifungal drugs against a/bicans and non-albicans whereas Fluconazole
and Flucytosine were proved to be less effective drugs in the conspicuously seen
species of Candida auris, Candida parapsilosis, and Candida tropicalis. Conse-
quently, for an appropriate drug regime, physicians should be alert of the drug
susceptibility patterns of Candida species in the locality before prescribing any of
the anti-fungal drugs. All in all, the onset of new species and increased drug re-
sistance patterns warrant constant drug monitoring. As this study was limited to
Nairobi, researches of Candida blood stream infections in critical care units
should be done in hospitals in other parts of Kenya for a comprehensive and
updated prevalence study and to monitor the spread of Candida auris in the
country. Moreover, the molecular basis of resistance should also be established

in future studies for enhanced treatment.
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