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Abstract

Background: Fungal sepsis is a major cause of mortality in intensive care units (ICUs), particularly in resource-limited countries
where access to diagnostics and antifungal treatments is restricted. In the Democratic Republic of the Congo (DRC), data on
these infections remain scarce. This study aims to identify the fungal pathogens responsible for sepsis in ICUs and evaluate their
antifungal susceptibility profiles.

Methods: This was a prospective multicenter study conducted between 2022 and 2023 in three hospitals in Lubumbashi. ICU
patients suspected of fungal sepsis were included. Biological samples were analyzed for fungal identification and antifungal sus-
ceptibility testing. Clinical and demographic data, including comorbidities and infection entry sites, were collected and analyzed
using SPSS and Excel software.

Results: Among 33 patients, the mean age was 49.14 + 22.29 years, with a male predominance (57.6%). The most common co-
morbidities were hypertension (24%) and diabetes (15.5%). The primary infection entry sites were the genitourinary tract (67%),
lungs (60%), and multiple-site infections (58%). The most frequently isolated fungal species were Candida albicans (50.17%),
followed by non-albicans Candida species (45.3%) and Aspergillus spp. (4.51%). Antifungal susceptibility testing revealed a high
resistance of non-albicans Candida to fluconazole (77.8%), whereas C. albicans remained susceptible to amphotericin B (86.4%),
nystatin (77.3%), and caspofungin (63.6%). The overall mortality rate was 71.43%, with 75% of deaths occurring within the first
five days and more than 80% after ten days of hospitalization.

Conclusion: Fungal infections in ICUs in Lubumbashi are predominantly caused by Candida albicans, with significant antifungal
resistance observed in non-albicans Candida species and a high mortality rate. Optimized management, including early diag-
nosis, rigorous microbiological surveillance, and improved antifungal stewardship, is crucial to improving patient outcomes in
intensive care.
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Introduction 2]. While bacterial infections remain the primary
cause of sepsis in intensive care units (ICUs), the
incidence of fungal infections, particularly candi-
demia, has increased in recent years, posing a ma-
jor challenge in ICUs, especially in Lubumbashi,
Democratic Republic of the Congo (DRC). The di-
agnosis and management of these infections are
complicated by the diversity of fungal pathogens
and the limited availability of effective antifungal
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Sepsis is a severe and often fatal syndrome caused
by the microbial invasion of normally sterile body
sites. It is characterized by a dysregulated immune
response to infection, leading to organ failure and
systemic disturbances, including immune, endo-
crine, cardiovascular, and metabolic dysfunctions,
which significantly impact patient prognosis|1,
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treatments [3].

Critically ill patients in intensive care units (ICUs),
often immunocompromised, are particularly vul-
nerable to fungal infections, some of which can be
severe. The causative agents include genera such
as Candida, Aspergillus, Cryptococcus, and other
opportunistic molds [4-7]. These infections pose
a significant global health threat, particularly
among critically ill ICU patients, even in the ab-
sence of traditional risk factors. They contribute
substantially to morbidity, mortality, prolonged
hospital stays, and increased healthcare costs [8,
9] In Lubumbashi, the diagnosis and treatment
of these infections are hindered by infrastruc-
ture challenges, the lack of appropriate diagnostic
tests, limited availability of antifungal drugs, and
inadequate antifungal stewardship.

Fungal sepsis is a growing concern in intensive
care units (ICUs) worldwide, particularly in re-
source-limited countries. According to recent
studies, Candida albicans and Aspergillus fu-
migatus are the most frequently identified fungal
pathogens in critically ill patients. However, other
less common fungi, such as Mucor and Cryptococ-
cus neoformans, are also responsible for severe
sepsis, particularly in immunocompromised pa-
tients, including those with HIV, diabetes, or un-
dergoing immunosuppressive therapy [10].

Early identification of fungal infections remains a
major challenge in developing countries due to the
limited availability of specialized diagnostic tests
(fungal culture, PCR, antigen testing) [11, 12]. Ad-
ditionally, the management of fungal sepsis relies
on the administration of appropriate antifungal
agents; however, in low-resource settings, access
to broad-spectrum antifungals such as ampho-
tericin B or azoles is often restricted. The increas-
ing antifungal resistance observed, particularly in
Candida albicans, Aspergillus, and Cryptococcus,
further complicates treatment strategies [13].

The disruption of the mucosal or skin barrier in-
duced by sepsis, along with impaired neutrophil
production and function, significantly increases
vulnerability to fungal infections. Cellular im-
munity dysfunction, metabolic disturbances, and
aging further weaken the body's defense mecha-
nisms, increasing the risk of fungal infections[14].
Additional factors compromising immunity in-

clude prolonged surgical interventions, long-term
use of broad-spectrum antibiotics, cytotoxic che-
motherapy, immunosuppressive therapy in trans-
plantation, intravenous nutrition, multiple-lumen
catheters, renal replacement therapy, and me-
chanical ventilation [15].

From an epidemiological perspective, fungal in-
fections exhibit geographic and temporal variabil-
ity [16]. A large-scale study on the prevalence of
infections in European ICUs reported that fungal
infections accounted for 16% of all infections,
with Candida spp. and Aspergillus spp. being the
most frequently isolated pathogens [16]. Simi-
larly, fungal sepsis is prevalent in sub-Saharan Af-
rica [17], though the true burden of severe fungal
infections remains largely unknown. According to
various studies, the primary risk factors for fungal
diseases in Africa include HIV/AIDS, tuberculo-
sis, poverty, and an increasing number of patients
with non-communicable diseases such as diabe-
tes[17, 18].

In an Egyptian ICU study, fungal infections ac-
counted for 1% of all infections [19]. As in many
resource-limited African countries, data on fungal
infections in the Democratic Republic of the Con-
go (DRC) are scarce. One review estimated a 5.4%
prevalence of severe fungal infections, with 6,168
annual cases of cryptococcal meningitis, 2,800
cases of Pneumocystis jirovecii pneumonia, and
380 cases of invasive aspergillosis in HIV patients.
Oral and esophageal candidiasis affect 50,470 and
28,800 HIV-positive patients, respectively, while
recurrent vulvovaginal candidiasis and tinea ca-
pitis are estimated at 1,202,640 and 3,551,900
cases, respectively [20]. However, fungal sepsis
has received less attention, despite accounting for
approximately 20% of sepsis cases with a mor-
tality rate ranging from 40% to 70% [21,22]. In
Lubumbashi, factors such as a hot and humid cli-
mate, a high prevalence of immunocompromised
individuals (diabetes, HIV, malnutrition), and un-
restricted access to antibiotics contribute to the
high burden of fungal infections [23]. Early diag-
nosis is challenging, as symptoms are often non-
specific, overlapping with bacterial infections, and
co-infections further complicate diagnostic accu-
racy [14].

Despite ICUs representing only 5% of hospital
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beds, they account for over 20% of nosocomial
infections [14]. Fungal infections, which are both
frequent and often fatal, commonly affect ICU
patients. The Surviving Sepsis Campaign recom-
mends broad-spectrum empirical antifungal ther-
apy to reduce mortality [24], yet no precise crite-
ria exist for initiating antifungal treatment. Early
antifungal use remains limited due to concerns
about cost, side effects, and resistance. When an-
tibiotic therapy fails, fluconazole is commonly in-
troduced, although antifungal resistance is an in-
creasing concern [25, 26].

In Lubumbashi, despite fungal sepsis being a lead-
ing cause of mortality, few studies have investigat-
ed its etiology and antifungal susceptibility pat-
terns. This study aims to address the knowledge
gap on fungal sepsis in Lubumbashi, where health-
care infrastructure remains limited. Identifying
causative pathogens and analyzing their antifun-
gal susceptibility is crucial to optimizing treat-
ment strategies and reducing mortality. These
findings could inform local policies and resource
allocation for fungal sepsis management. The pri-
mary objective of this study is to determine the
etiological agents of fungal sepsis in ICUs, evaluate
their antifungal susceptibility, and analyze clinical
outcomes.

Materials and Methods
Study Design, Setting, and Period

This was a cross-sectional, prospective, multi-
center, and observational study conducted in the
intensive care units (ICUs) of three hospitals in
Lubumbashi, Democratic Republic of the Congo
(DRC). The primary objective was to analyze the
clinical and etiological characteristics as well as
the antifungal susceptibility profiles of fungal mi-
croorganisms responsible for sepsis in ICUs.

Study Hospitals

The study was conducted in three hospitals in
Lubumbashi: Clinique Universitaires de Lubum-
bashi (CUL), Hopital de la SNCC, and Clinique Dia-
mant de Lubumbashi (CMDL). These hospitals
were selected based on the presence of at least
one anesthesiologist-intensivist, a high patient
admission rate, a strong referral capacity, and the
availability of basic intensive care equipment.

e Cliniques Universitaires de Lubumbashi (CUL)

is a tertiary-level health facility with 211 func-
tional beds out of a total capacity of 230 beds.
The ICU, part of the Anesthesia and Intensive
Care Medicine Department, has six beds (3%
of the hospital’s total capacity) and is staffed
by four anesthesiologist-intensivists, four in-
terns, eight nurses, and one auxiliary staff
member.

e Hopital de la Société Nationale des Chemins
de Fer du Congo (SNCC) is a semi-public facil-
ity primarily serving railway employees but
also functioning as a general referral hospi-
tal. It has 200 functional beds out of a total of
250 beds, with an ICU comprising eight beds
(4% of the hospital’s capacity). The unit oper-
ates with one anesthesiologist-intensivist, five
nurses, and one auxiliary staff member.

e C(Clinique Diamant de Lubumbashi (CMDL) is a
private hospital with 65 beds, including four
beds in the continuous care unit and eight
beds in the ICU, representing 12% of the hos-
pital's total capacity. The ICU is managed by
eight physicians, including one anesthesiolo-
gist-intensivist, and eight nurses.

These ICUs receive patients from various special-
ties, including emergency medicine, surgical and
medical units, and postoperative cases from elec-
tive and emergency surgeries (visceral surgery,
trauma, obstetrics-gynecology, neurosurgery, and
urology). They also manage critically ill patients
requiring intensive care due to surgical, medical,
or traumatic conditions. Each ICU is staffed with
at least one intensivist specialist, and on-call du-
ties are provided by a resident physician under
the supervision of a senior intensivist.

Study Population

The study included patients with clinical signs of
sepsis, defined by an infection confirmed by fun-
gal culture and meeting the Sepsis-3 diagnostic
criteria[27]. The study was conducted in the ICUs
and/or high-dependency units of the selected hos-
pitals during the study period. Patients diagnosed
with sepsis and requiring intensive treatment and
monitoring received care based on the 2021 Sur-
viving Sepsis Campaign (SSC) guidelines.

Inclusion and Exclusion Criteria

Inclusion Criteria
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Patients meeting the following criteria were in-
cluded:

1. Suspected sepsis upon admission or during
the ICU stay.

2. Age =16 years, with suspected sepsis or septic
shock.

3. Hospitalized in the ICU or continuous care unit
of the selected hospitals.

Exclusion Criteria

The study excluded patients with the following
characteristics:

1. Age <16 years.

2. Death within 24 hours of hospital admission.
3. Pregnancy.
4

Readmission for sepsis or septic shock during
the study period.

5. Lack of informed consent for study participa-
tion.

Sampling Technique

A non-exhaustive sampling approach was used.
The sample size and study duration were deter-
mined based on staffing and financial constraints.
Data on total admissions and the number of pa-
tients during the study period were collected from
the hospital data management system. At the end
of data collection, 33 cases of fungal sepsis were
identified.

Data Collection

General Data Collection Process

Data were collected consecutively and recorded in
a standardized data collection form. A quality con-
trol process was conducted by the research team
before data encoding using Microsoft Excel 365®.
Data were categorized into independent and de-
pendent variables.

Demographic and Clinical Data

Demographic variables included age, sex, and
comorbidities to evaluate their impact on fungal
sepsis outcomes. Clinical data encompassed the
reason for ICU admission, the source of ICU ad-
mission (emergency department, internal medi-
cine, surgery, obstetrics-gynecology), time to ICU
admission, type of admission (elective or emer-
gency), vital signs, suspected infection source, and

therapeutic interventions. These interventions
included mechanical ventilation, catheterization,
and blood transfusion, which are known risk fac-
tors for fungal infections in critically ill patients.

The quick Sequential Organ Failure Assessment
(gSOFA) score was used to assess disease severity
upon admission, as it helps predict the likelihood
of poor outcomes in sepsis patients. The collected
clinical and demographic data aimed to identify
potential risk factors, patient characteristics, and
ICU management strategies associated with fun-
gal sepsis.

Fungal Identification and Susceptibility
Testing

Culture

Samples were cultured on Sabouraud agar with
chloramphenicol to inhibit bacterial growth and
incubated at 35-37°C for 24 hours.

Identification
Fungal isolates were identified using:

e Gram staining (to visualize spores, pseudohy-
phae, or hyphae under x100 magnification).

e Lactophenol blue staining (to observe fungal
structures under x40 magnification).

e Germ tube test (to differentiate Candida albi-
cans based on germ tube formation without
constriction at the base).

e Biochemical testing using the Integral System
Yeasts Plus (Liofilchem® ref. 71822).

Antifungal Susceptibility Testing

After the identification of fungal agents respon-
sible for sepsis, an antifungal susceptibility test
was performed. The antifungigram was conduct-
ed using the agar diffusion method (Kirby-Bauer
method) with discs containing various antifungal
agents, including fluconazole, amphotericin B,
voriconazole, itraconazole, flucytosine, caspofun-
gin, ketoconazole, miconazole, and nystatin. The
interpretation was carried out following the man-
ufacturer’s recommendations provided with the
discs (Liofilchem®).

Statistical Analysis

A database containing demographic, clinical, and
mycological characteristics was created and ana-

lyzed using IBM SPSS Statistics v. 29.0 IIBM Cor‘.,
Volume - 6 Issue - 1

Citation: Manika MM, Situakibanza HNT, Iteke RF, Mujing FAM, Kakisingi CN, et al. (2025) Fungal Sepsis in the ICU: Etiology and Susceptibility
Profile to Antifungals in Lubumbashi, Democratic Republic of the Congo. OSP Journal of Health Care and Medicine 6: HCM-6-158

* Page 4 of 15 -



OSP Journal of Health Care and Medicine Copyright © Manika MM

Armonk, NY, USA). Exploratory and descriptive data analyses were conducted to identify patterns across
variables. Categorical variables were expressed as frequencies and percentages.

Ethical Considerations

The study protocol was approved by the Ethics Committee of the University of Lubumbashi under ref-
erence number UNILU/CEM/030/2021. Approval letters were also obtained from hospital directors.
Voluntary informed consent was obtained from each patient before participation, following the Helsinki
Declaration guidelines. Confidentiality and anonymity were strictly maintained during data collection
and processing by the research team.

Results

Characteristics of the study population

Table 1 presents the general characteristics of the 33 patients included in the study. The age distribu-
tion of the patients ranges from 16 to over 60 years old, with a balanced distribution: 36.4% are aged
between 16 and 39 years, 27.2% between 40 and 60 years, and 36.4% are over 60 years old. The mean
age is 49.14 £ 22.29 years. Regarding gender, most patients are male (57.6%), while 42.4% are female.
In terms of origin, most patients were referred from health centers (CS transfers) (48.5%), followed by
emergency admissions (27.3%). Other sources, such as surgery, internal medicine, and neurology, were
less frequent, each accounting for 6.1% of cases. Concerning the time of admission, 69.7% of patients
were admitted within 7 days, whereas 33.3% were admitted after more than 7 days. Finally, based on
medical specialization, 72.7% of patients were medical cases, followed by surgical cases (18.2%) and
gynecological-obstetric cases (9.1%).

Table 1: General Patient Characteristics

N=33 %
Age
16-39 years old 12 36.4
40-60 years old 9 27.2
>6() years 12 36.4
Middle Ages 49.14+22.29 years
Sex
F 14 42.4
M 19 57.6
Origin
Surgery 2 6.1
Internal Medicine 2 6.1
Neurology 2 6.1
CS Transfer 16 48.5
Emergency room 9 27.3
Admission time
>7 10 33.3
>7 23 69.7
Patient Type
Surgical 6 18.2
Gyneco-Obstétrical 3 9.1
Medical 24 72.7

Clinical and paraclinical characteristics of the patients studied

Table 2 presents the clinical and paraclinical characteristics of patients with sepsis. Among the comor-
bidities, hypertension (24%) and diabetes (15.5%) are the most prevalent conditions. Genitourinary
tract infections (67%) and pulmonary infections (60%) are the most common sites of infection. Re-
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garding vital signs, patients exhibit moderate hypoxia (oxygen saturation at 90.03%) and tachycardia
(heart rate of 109.12 bpm). The average Glasgow Coma Scale (GCS) score of 11.24 indicates impaired
consciousness in many patients. Laboratory findings reveal moderate anemia, elevated white blood cell
count (15,013.64/mm?), high lactate levels (3.80 mEq/L), and elevated creatinine (4.03 mg/dL), sug-
gesting renal impairment and a significant inflammatory response.

Table 2: Clinical features, and paracliniq laboratory values of patients with sepsis

Comorbidity (%)

Alcohol 6

COPD 6

Cancer 6

C.puerperal 9

Diabetes 15.5

HTA 24

Obesity 3

Sinusitis 3

Site d’infection (%)

Digestive 3

Pulmonary 60
Genitourinary 67
Undetermined 3

Multisite 58

Vital Signs at Presentation

Score de Glasgow (%) 11.24+2.9
Oxygen saturation (%) 90.03+10.2
Temperature (°C) 36.788+1.5
Systolic blood pressure (mmHg) 116.56+392
Diastolic blood pressure (mmHg) 69,62+22.2
Mean arterial pressure (mmHg) 82.7+£24.5
Heart rate (beats/min) 109.12+20.5
Respiratory rate (breathing/min) 29.394+8.2
Laboratory baseline values

Hémoglobine(g/dl) 10.69 +2.45
Haematocrit 3227+ 8.43
Globules blancs (/mm?) 15013.64+6273.5
Inserts ( /mm?) 1152575.76+116595.5
Serum creatinine (mg/dl) 4.03+£3.9
Natremia(mEq/]) 139.37+7.2
Kaliemia (mEq/]) 4+0.867
Lactate (mEq/1) 3.80 +3.531
Blood urea (mg/dl) 37.03 £26.29
Bilirubine totale (mg/dl) 3.08+5.2
PaCO2 (mmHg) 38.31+12.6
Arterial Blood pH 7.37+0.16
Pa02 / Fi02 232.9+122.64
Glycémie (mg/dl) 183.32+146.4

Microbiology

Microorganisms isolated and identified after culture
A sample of blood, sputum, or body fluids was collected for microbiological culture from 79 patients sus-
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pected of developing sepsis. Among the results,
39% of patients were diagnosed with fungal sepsis
(Figure 1). The distribution of fungal microorgan-
isms was as follows: Candida albicans (50.17%),
Non-albicans Candida (45.3%) including, Candida
guilliermondii (6.77%), Candida famata (20.48%),
fraunde (4.51%), Candida glabrata (6.77%), Can-
dida krusei (6.77%) and Aspergillus spp. (4.51%)
[Figure 4].

60.00% 30.17%
40.00%
20.48%
20.00% 6771% B 451% 6% 67T%  4.51%
— s 4 ~3 "1 7k
h (]
> & & g & &F
& & 2 > & 3
& & » o

Figure 1: Distribution of fungal species

The antifungal susceptibility profiles

The fungi identified in this study were tested for
specific antifungal agents, and their susceptibil-
ity to different antifungals was assessed. Figure 3
presents the results, revealing significant variabil-
ity in susceptibility and resistance rates. Ampho-
tericin B and Nystatin were found to be the most
effective antifungals, both showing susceptibility
rates of 75.76%, particularly against C. albicans
(88.24% for Amphotericin B and 70.59% for Ny-
statin) and C. famata (60% and 80%, respective-
ly). Conversely, high resistance was observed for
several azole-class antifungals, including Ketocon-
azole (81.82% resistance), Fluconazole (69.70%),
and Clotrimoxazole (66.67%). Among the fungal
species, C. glabrata exhibited particularly high
resistance, with an average resistance rate of
71.43%, while C. krusei showed variable sensitiv-
ity depending on the antifungal tested. C. guillier-
mondii and C. faunde displayed intermediate sus-
ceptibility profiles, with average sensitivity rates
of 47.37% and 55%), respectively.
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Figure 2: Susceptibility profile of fungal species to the anti-
fungals tested

Outcomes

The analysis of clinical outcomes in ICU patients
diagnosed with fungal sepsis highlights a concern-
ing mortality rate. As shown in Figure 1, 71.43%
of patients succumbed to the infection, while only
28.57% survived. Among the deceased patients,
the majority (approximately 75%) died within the
first 5 days of hospitalization. However, between
5 and 10 days, the mortality rate declines, with a
more balanced distribution between survival and
death. In contrast, for patients with prolonged
hospitalization exceeding 10 days, mortality re-
mains alarmingly high, accounting for over 80%
of cases.

90.00%
B0.00%
70.00%
60.00%
50.00%
40.00%
30.00% B
20.00%
10.00%
0.00%

5-10 days

=10 days

EDeth B Alve
Figure 3: Outcomes as a function of time

Discussion

Epidemiological characteristics of patients

An overview of the general characteristics of ICU
patients with fungal sepsis included 33 cases,
showing a diverse age distribution. A notable pro-
portion of younger patients (36.4%) fell within the
16-39 age group, while an equivalent percentage

(36.4%) were over 60 years old. These findings
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align with studies conducted in Indonesia, where
the age range was between 18 and 79 years, with
a mean age of 58.0 years [28], and in India, where
the age range was between 18 and 80 years, with
an average age of 43.5 years [29]. Similarly, an-
other study reported that over a quarter of fungal
sepsis cases involved patients aged over 60 years
[14]. Theoretically, advanced age is a recognized
risk factor for fungal infections, primarily due to
the progressive decline in host immune defense
mechanisms, which may be exacerbated by patho-
gen virulence, immune system weakening, or pro-
longed ICU stays [14, 30].

In the current study, 42.5% of patients were fe-
male, while 57.6% were male. These findings are
consistent with existing literature, which sug-
gests that men have a 1.4 to 3.5 times higher risk
of developing invasive fungal infections, including
sepsis, compared to women [14, 30, 31]. However,
the relationship between gender and susceptibil-
ity to fungal infections remains complex, extend-
ing beyond the scope of our analysis. While male
predominance appears to be a trend, the differ-
ence is not strong enough to be considered a sole
determining factor. One hypothesis suggests that
men may have a higher predisposition to urinary
tract infections (UTIs), which could contribute to
the development of fungal sepsis[14]. Addition-
ally, genetic factors linked to sex, differences in
environmental exposure, and more frequent risk
behaviors among men—such as less balanced di-
ets, less rigorous health habits, or increased use
of immunosuppressive substances—may further
explain this heightened vulnerability[32,33]. This
suggests that men may be more prone to invasive
fungal infections due to a combination of biologi-
cal and socio-environmental factors. As a result,
the relationship between sex and susceptibility to
fungal infections requires further investigation to
better understand the underlying mechanisms.

In the current study, most patients (45%) were
admitted through transfers from other medical in-
stitutions, followed by 27.3% from the emergency
department. This suggests that a significant pro-
portion of patients required specialized, urgent,
or complex care, highlighting the severity of their
clinical conditions. The high rate of admissions
from transfers and emergency services indicates
that many of the cases studied were related to

critical medical emergencies, necessitating inten-
sive monitoring and specialized interventions.

Regarding time to admission, most patients were
admitted within 7 days, which may indicate ef-
fective early case management, a crucial factor
for improving prognosis, particularly in urgent
conditions. However, one-third of patients were
admitted after more than 7 days, which may re-
flect delayed management, a more complex clini-
cal course, or diagnostic challenges. Studies have
demonstrated that delayed admission of sepsis
patients is associated with increased mortality
and prolonged hospital stays [34,35]. Consequent-
ly, the Surviving Sepsis Campaign (SSC) guidelines
recommend that adults with sepsis requiring ICU
admission should be admitted within 6 hours to
optimize outcomes[24]. The progression of sep-
sis, from initial symptoms to ICU admission, var-
ies among patients. However, in low-resource set-
tings such as the Democratic Republic of the Congo
(DRC), several factors—Ilimited access to primary
healthcare, poverty, lack of awareness, and cultur-
al misconceptions—contribute to delayed ICU ad-
mission, potentially worsening patient outcomes.

Finally, the predominance of medical patients
(72.7%) compared to surgical (18.2%) and gyne-
cological-obstetric (9.1%) patients highlights a
primarily medical clinical profile, suggesting that
the study focuses on internal pathological condi-
tions, often chronic or complex. This distribution
may reflect the nature of care provided in the stud-
ied institutions, where medical cases are more
prevalent. Additionally, it may influence therapeu-
tic and management strategies, particularly for
patients with complex medical diseases, requiring
specialized and long-term intensive care interven-
tions.

Clinical characteristics of the population

Clinically, the present study revealed that the most
common comorbidity among patients with fungal
sepsis was arterial hypertension (24%), followed
by diabetes (15.5%) and conditions related to the
puerperal context (9%). These findings are con-
sistent with previous studies. For instance, in In-
dia, diabetes was reported as the most common
comorbidity (30%) associated with fungal infec-
tions leading to sepsis[14]. Similarly, in the study
by Tirath Singh et al., diabetes was the most fre-
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quently observed comorbidity, affecting 28.6% of
patients with fungal infections[29]. The presence
of multiple comorbidities, particularly age-related
conditions, significantly increases the risk of in-
vasive fungal infections. This increased risk can
be attributed to the alteration of immune mech-
anisms and the presence of predisposing factors
such as hypertension and diabetes, which are
well-known for their detrimental effects on over-
all health and their association with various com-
plications [33]. This distribution of comorbidities
highlights a patient profile with significant cardio-
vascular and metabolic risk factors. Hypertension
and diabetes are well-established risk factors for
the development of serious infections, including
fungal infections. Additionally, puerperal condi-
tions may also contribute to the vulnerability of
patients to fungal infections, further complicating
clinical management. Overall, these findings em-
phasize the importance of considering underly-
ing comorbidities—including cardiovascular and
metabolic diseases, as well as puerperal condi-
tions—in the clinical management of fungal sepsis
patients. Tailored and individualized care strate-
gies are essential to improving clinical outcomes
in these high-risk populations.

The results of this study highlight the most fre-
quently observed sites of infection, with genito-
urinary tract infections (67%) and pulmonary
infections (60%) being the most common. These
findings are consistent with existing data on noso-
comial and community-acquired infections, par-
ticularly in patients with comorbidities such as
diabetes and hypertension. Critically ill patients,
especially those with urinary catheters, are at
an increased risk of developing fungal infections
[6,36]. Additionally, fungal lung infections, which
are often underdiagnosed, may contribute to the
high frequency of respiratory infections observed
in this study[37,38]. ICU patients, who often have
compromised immune systems, are particularly
vulnerable to these infections [37]. Another no-
table finding of this study is the high prevalence
of multiple infections (58%), indicating that many
patients present with complex pathologies requir-
ing specialized therapeutic approaches and inter-
disciplinary coordination. These findings empha-
size not only the diversity of infection sites but
also the complexity of their management, neces-

sitating integrated therapeutic strategies to im-
prove the prognosis of critically ill patients.

Vital signs indicate moderate hypoxia, with an
oxygen saturation of 90.03%, and an elevated
heart rate of 109.12 beats per minute, which may
reflect a physiological response to hypoxia or an-
other form of systemic stress. Hypoxia is a com-
mon pathophysiological alteration in sepsis, often
driven by accentuated inflammatory responses
that increase vascular permeability, leading to
acute pulmonary edema and the subsequent de-
velopment of acute respiratory distress syndrome
(ARDS) [39,40].

The mean Glasgow Coma Scale (GCS) score of
11.24 indicates impaired consciousness, suggest-
ing possible neurological deterioration or confu-
sion, which is frequently observed in critically ill
patients with severe infections. This finding aligns
with other studies, such as one conducted in Cam-
eroon, which reported an average GCS score of 9
* 4.3 [41]. However, it contrasts with a study in
Jordan, where the majority of patients had an av-
erage GCS score between 13 and 14[42].

Laboratory results indicate moderate anemia, el-
evated white blood cell count (15,013.64/mm?),
elevated lactate levels (3.80 mEq/L), and elevated
creatinine levels (4.03 mg/dL), suggesting renal
failure and a significant inflammatory response.
These biological abnormalities are key indica-
tors of sepsis severity, illustrating the systemic
response of the body to infection. The anemia ob-
served in these patients is typically inflammatory
anemia, which is common in acute infection-re-
lated responses. This form of anemia is primarily
driven by pro-inflammatory cytokines, including
tumor necrosis factor-alpha (TNF-a), interleu-
kin-1 (IL-1), and interleukin-6 (IL-6), which in-
hibit the production of erythropoietin, a hormone
essential for red blood cell production. Addition-
ally, these cytokines increase hepcidin levels, a
protein that regulates iron absorption and distri-
bution. The elevated hepcidin levels restrict iron
availability, further impairing red blood cell pro-
duction and contributing to the anemia commonly
seen in septic patients [43, 44].

Elevated lactate is a critical clinical marker in crit-
ically ill patients, particularly those with sepsis or
septic shock. It is widely used as a prognostic in-
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dicator of infection severity, as increased lactate
levels are strongly associated with higher mortal-
ity rates[45,46]. This elevation in lactate often re-
flects tissue hypoxia, which results from impaired
organ perfusion due to systemic hypotension and
vascular dysfunction in sepsis[40]. As a result, lac-
tate serves as a valuable biomarker for assessing
sepsis severity and monitoring the patient’s re-
sponse to treatment.

Finally, acute kidney injury (AKI) is a common and
potentially fatal complication of sepsis, typically
resulting from renal hypoperfusion caused by hy-
potension and circulatory shock. AKI significantly
worsens patient outcomes, increasing mortality
by six to eight times. The kidneys are among the
first organs affected in sepsis, with approximately
two-thirds of patients with septic shock develop-
ing AKI. In many cases, renal dysfunction occurs
even before emergency admission, underscor-
ing the critical importance of early detection and
prompt management of kidney function in septic
patients [47, 48].

These observations emphasize the critical impor-
tance of early and targeted management of sep-
sis patients, particularly in intensive care units
(ICUs). Rigorous monitoring of key biological pa-
rameters, such as lactate and creatinine levels, is
essential for assessing disease severity and guid-
ing treatment decisions. Additionally, the proac-
tive management of complications, including ane-
mia and acute kidney injury (AKI), plays a crucial
role in improving patient outcomes and reducing
sepsis-related mortality.

Microorganisms identified in culture

Infections that can progress to sepsis are caused
by a wide variety of microorganisms, with their
distribution varying by healthcare setting and
geographical location[49]. While bacterial infec-
tions are widely recognized as the most common
causes of sepsis in intensive care units (ICUs), the
incidence of invasive fungal infections has been
steadily increasing [3, 50]. In this study, 39% of
sepsis patients had a fungal infection, a rate sig-
nificantly higher than the global average reported
in the literature, where fungal infections account
for approximately 15% of sepsis cases[51]. A 24-
hour prevalence survey conducted in 1, 150 cen-
ters across 88 countries found that fungal infec-

tions were responsible for 16% of ICU infections
[16, 48], a finding consistent with a study in India,
which reported a 15% incidence of fungal sep-
sis [52]. The higher rate of fungal infections ob-
served in this study does not yet have a definitive
explanation. However, the prevalence of fungal in-
fections varies depending on geographical factors
and healthcare resources. It is possible that local
environmental conditions in Lubumbashi, as well
as the severity of patient cases, contributed to this
elevated incidence. These findings highlight the
urgent need for enhanced surveillance and tar-
geted management strategies for fungal infections
in ICUs, particularly in resource-limited settings
where their burden may be underestimated or in-
adequately addressed.

In this study, Candida spp. was the most frequent-
ly identified fungal pathogen (88.7%), followed by
Aspergillus spp. (4.51%) among ICU patients with
fungal infections. These findings align with exist-
ing literature, which recognizes Candida as the
leading cause of fungal infections in critically ill
patients, whereas Aspergillus infections account
for 0.3% to 19% of cases. Despite this relatively
low incidence, Aspergillus infections are often as-
sociated with high morbidity and mortality rates,
even in the absence of conventional risk factors
[53, 54].

However, these results contrast with the findings
of Durga et al., who reported a higher prevalence
of aspergillosis. This discrepancy was attributed
to the use of broader diagnostic criteria for asper-
gillosis and the presence of specific risk factors,
such as chronic lung disease, liver disease, auto-
immune disorders, and increased exposure to
Aspergillus in hospital environments under con-
struction [3, 55].

The rapid and accurate identification of Candida
spp. is crucial for the selection of appropriate an-
tifungal agents and the optimization of patient
management [56]. In this study, Candida albicans
was the most frequently isolated species (50.17%)
among fungal infections. The predominance of C.
albicans over non-albicans Candida species varies
depending on geographical regions and studied
populations [57]. This dominance of C. albicans
in critically ill patients has also been reported in
several studies conducted in Algeria, Ethiopia, Co-

lombia, and China [56, 58-61].
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There is significant variation in the species dis-
tribution of C. albicans and non-albicans Candida
species responsible for invasive candidiasis in in-
tensive care units, depending on the healthcare
facility and geographical region[14]. Although C.
albicans remains the leading cause of fungal infec-
tions, an epidemiological shift favoring non-albi-
cans Candida species has been observed in many
global studies, with regional differences [62-64].
For instance, Ahmad et al. reported that non-
albicans Candida species were dominant (72%),
surpassing C. albicans [14]. Similarly, Hasan M. Al-
Dorzi et al. in Saudi Arabia found that fungal in-
fections accounted for 56.2% of ICU cases, while
Lourdes Rodriguez in Peru reported that 71.9% of
cases were caused by non-albicans Candida spe-
cies albicans [30, 65].

Among the non-albicans Candida species, Candida
famata was the most frequently isolated species
(20.48%) in this study. In contrast, studies con-
ducted in South America reported Candida parap-
silosis as the most common species, followed by
Candida tropicalis, with a gradual increase in Can-
dida glabrata and the emergence of Candida auris
[64]. Similarly, C. tropicalis and C. krusei were the
most frequently identified species in studies con-
ducted in Saudi Arabia [64], [ran[66], and Ethio-
pia[56]. The global distribution of Candida spe-
cies remains poorly understood, as several factors
may influence species prevalence. These include
climate conditions, antifungal usage in healthcare
settings, and the regional microbiota of patients,
all of which play a role in shaping the epidemio-
logical profile of invasive candidiasis[14, 63].

The antifungal susceptibility profiles

In the present study, the results indicate that am-
photericin B and nystatin were the most effective
antifungals, with a sensitivity rate of up to 75.76%.
These findings confirm previous research, which
highlights their continued effectiveness despite
the emergence of resistant strains [67]. Regarding
C. albicans (88.24% sensitivity to amphotericin B)
and C. famata (80% sensitivity to nystatin), these
results are particularly noteworthy, reinforcing
their relevance as first-line treatment options.
In contrast, high resistance rates were observed
for azole antifungals, particularly ketoconazole
(81.82%), fluconazole (69.70%), and clotrimoxa-
zole (66.67%), findings that are consistent with

previous studies. The increasing resistance to
azoles has been widely reported, especially for C.
glabrata and C. krusei, which are known for their
intrinsic or acquired resistance to fluconazole
and other azoles krusei[68,69]. Additionally, the
variability in the sensitivity of C. krusei and the
intermediate resistance profiles of C. guilliermon-
dii and C. faunde (47.37% and 55% mean sensi-
tivity, respectively) underscore the importance of
continuous antifungal susceptibility monitoring.
These findings highlight the need for treatment
adaptation based on local resistance profiles, re-
inforcing the importance of routine antifungal
resistance surveillance and tailored therapeutic
strategies[14,26].

Outcomes

Our results reveal a high mortality rate (71.43%)
among ICU patients with fungal sepsis, with 75%
of deaths occurring within the first five days and
over 80% after ten days. This high fatality rate
is largely attributable to late diagnosis, delayed
management, and the emergence of antifungal-
resistant strains [8,14,70]. Comorbidities such as
hypertension (24%) and diabetes (15.5%) weak-
en patients by compromising immune responses
and worsening the course of sepsis[8]. Addition-
ally, genitourinary tract infections (67%) and pul-
monary infections (60%), which are the primary
infection entry points, often contribute to delays
in initiating effective antifungal treatment. While
Candida albicans remains the dominant species
(50.17%), non-albicans Candida species (45.3%)
exhibit high resistance to fluconazole (77.8%),
limiting treatment options and worsening patient
prognosis [71]. Acute kidney injury (elevated cre-
atinine at 4.03 mg/dL) is an additional aggravat-
ing factor, contributing to multi-organ failure and
reduced antifungal clearance [47]. Furthermore,
persistent hypotension and elevated lactate levels
(3.80 mEq/L) are indicators of septic shock, which
is strongly associated with poor patient outcomes
[45].

Although mortality decreases between days 5
and 10 of hospitalization, likely reflecting better
responses to early treatments, it rises above 80%
beyond 10 days, mainly due to nosocomial com-
plications, secondary resistant infections, and
antifungal treatment failure[68,69]. Delayed man-
agement and initial treatment failure are key con-
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tributing factors, further exacerbated by antifun-
gal resistance and limited access to echinocandins
[45]. This situation underscores the urgent need
for early and optimized management, including
rigorous microbiological monitoring, adaptation
of antifungal therapy to local resistance patterns,
and close patient monitoring to improve progno-
sis and reduce fungal sepsis-related mortality in
ICUs [8, 9].

Fungal sepsis, particularly in intensive care set-
tings, remains a complex and unpredictable pa-
thology, often associated with high morbidity and
mortality. This study found a high prevalence of
fungal sepsis (39%), exceeding reported rates in
the literature, with Candida spp. identified as the
primary etiological agent, predominantly Can-
dida albicans and Candida famata. The patient
characteristics revealed a wide age distribution,
a higher infection rate in men, and a high preva-
lence of comorbidities, particularly hypertension
and diabetes, both of which are known to increase
the risk of sepsis. Most patients were admitted
within a short timeframe, suggesting effective
management, although delays in admission were
observed in some cases. The most frequent sites
of infection were genitourinary (67%) and pul-
monary (60%), which are often challenging to
treat, particularly due to the high rate of multiple
infections in critically ill patients. The antifungal
susceptibility profile demonstrated notable effi-
cacy of nystatin, amphotericin B, and caspofungin
against Candida albicans, while a trend toward
fluconazole resistance was observed, particularly
among non-albicans Candida species.

These findings highlight the critical importance
of continuous surveillance and targeted man-
agement of fungal infections in ICUs, particular-
ly in the context of rising antifungal resistance.
Strengthening diagnostic capabilities, optimizing
antifungal stewardship, and implementing rigor-
ous monitoring protocols are essential strategies
to improve patient outcomes and reduce fungal
sepsis-related mortality.

Limitations of the study

This study has several limitations that limit the
generalization of its results. First, the small sam-
ple size (33 patients) limits the statistical power
and representativeness of the conclusions. Sec-

ondly, the lack of long-term follow-up of patients
after their hospitalization does not allow us to
evaluate the impact of treatments on survival and
post-sepsis complications. In addition, the study
relies solely on fungal culture methods, exclud-
ing more sensitive diagnostic tools such as PCR
or antigen tests, which may underestimate some
cases of fungal infections. In addition, the lack of
multivariate analysis prevents the identification
of independent mortality factors, and data on the
treatments administered are insufficiently de-
tailed to assess their effectiveness. Finally, as the
study is limited to three hospitals in Lubumbashi,
the results cannot necessarily be extrapolated to
the whole country or to other regions with differ-
ent epidemiological contexts.

Clinical implications

The findings of this study underscore the critical
need for enhanced surveillance of fungal infec-
tions, particularly those caused by Candida albi-
cans and non-albicans Candida species, in inten-
sive care units (ICUs). The increasing resistance to
antifungals, especially fluconazole, necessitates a
re-evaluation of treatment protocols and the op-
timized use of more effective antifungals, such as
amphotericin B and nystatin, to combat resistant
strains.

An individualized treatment approach, guided by
antifungal susceptibility testing, is essential to
reduce mortality associated with fungal sepsis.
Additionally, continuous clinician training and
heightened awareness of the clinical signs of fun-
gal sepsis, alongside improved diagnostic infra-
structure for antifungal resistance testing, will sig-
nificantly enhance infection management in ICUs.
This is particularly crucial in resource-limited set-
tings such as Lubumbashi, where early detection
and targeted therapy can greatly improve patient
outcomes and survival rates.

Conclusion

This study highlights the significant prevalence of
fungal infections in sepsis cases in intensive care,
with most patients infected with Candida spp.,
particularly Candida albicans. The findings em-
phasize the importance of early pathogen iden-
tification and prompt initiation of appropriate
antifungal therapy to improve patient outcomes.
The observed resistance to fluconazole and the
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diversity of fungal species involved in infections
necessitate increased vigilance and targeted mon-
itoring in intensive care units (ICUs). Given these
challenges, further studies with larger sample siz-
es and comprehensive surveillance are required
to better understand the epidemiology of fungal
infections and optimize treatment strategies, par-
ticularly in resource-limited settings.
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