
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Medical Mycology 32 (2022) 101236

Contents lists available at ScienceDirect

Journal of Medical Mycology

journal homepage: www.elsevier.com
Case report
Invasive Candida kefyr infection presenting as pyelonephritis in an ICU
hospitalized COVID-19 patient: Case report and review of the literature
Anastasia Spiliopouloua,*, Fevronia Kolonitsioua, Georgia Vrionib, Stamatia Tsouprac,
Alexandra Lekkoud, Fotini Paliogiannia

a Department of Microbiology, University Hospital of Patras, Patras, Greece
b Department of Microbiology, Medical School, National and Kapodistrian University of Athens, Athens, Greece
c Department of Internal Medicine, University Hospital of Patras, Greece
d Department of Internal Medicine, Division of Infectious Diseases, University Hospital of Patras, Greece
A R T I C L E I N F O

Article History:
Received 3 August 2021
Revised 19 December 2021
Accepted 20 December 2021
Available online 23 December 2021
Abbreviations: Intensive, Care Unit (ICU)
* Corresponding author.

https://doi.org/10.1016/j.mycmed.2021.101236
1156-5233/© 2021 SFMM. Published by Elsevier Masson
A B S T R A C T

Candida kefyr (Kluyveromyces marxianus), an ascomycetous environmental yeast, occasionally isolated from
dairy products, represents an uncommon but emerging pathogen in immunocompromised patients. Herein,
we present a case of C. kefyr pyelonephritis in a 41-year-old, previously immunocompetent, patient who was
hospitalized in an COVID-19 ICU. Pyelonephritis was associated with caliectasis and obstruction due to possi-
ble fungus ball formation. Predisposing factors included ICU stay, use of broad spectrum antibiotics and ste-
roids, central venous catheterization, mechanical ventilation and urologic manipulation. Susceptibility
testing revealed high MIC values to amphotericin B. Infection was effectively controlled by prolonged admin-
istration of fluconazole without further surgical intervention. COVID-19 complicated with invasive candidia-
sis is an increasingly observed clinical situation that warrants high suspicion index and careful evaluation of
laboratory data.

© 2021 SFMM. Published by Elsevier Masson SAS. All rights reserved.
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Introduction

Candida kefyr (formerly C. pseudotropicalis) is a yeast with its tele-
omorph currently recognized as Kluyveromyces marxianus. The latter
was first isolated from kefir in 1909 and reported under the obsolete
name Saccharomyces fragilis [1]. The yeast can be isolated from wide-
ranging natural habitats such as fermented traditional dairy products,
kefir grain, sewage from sugar industries, sisal leaves, and plants [2],
and represents a rare but emerging pathogen in immunocompro-
mised patients, especially patients with hematological malignacies [3
−10]. Most studies refer to C. kefyr candidemia cases [3-4, 7-12],
whereas, reports on well-defined C. kefyr-related upper urinary tract
infections are very scarce [13−15]

Patients with severe COVID-19, such as those in an intensive care
unit (ICU), are particularly vulnerable to invasive candidiasis [16].
Relevant clinical factors include prolonged ICU stay, central venous
catheters’ and broad-spectrum antibiotics’ use [17]. In addition, dexa-
methasone has been found to improve survival in COVID-19 hospital-
ized patients who require supplemental oxygen, with the greatest
benefit observed in patients under mechanical ventilation and there-
fore is increasingly used [18]. Unfortunately, corticosteroids may pro-
mote fungal growth in vitro and have been associated with increased
risk for serious fungal diseases [19]. Finally, a disturbed immune
response toward C. albicans, which may hint at an increased suscepti-
bility toward Candida sp infection in critically ill COVID-19 patients
has been recently described [20].

Herein we present a case of C. kefyr pyelonephritis successfully
treated with a 30-days fluconazole regimen, in a 41-year-old COVID-
19 patient.

Case report

A 41-year-old man with a history of bronchial asthma was diag-
nosed with severe COVID-19 and was admitted to the ICU COVID-19
Department of Patras University Hospital, where he remained in
enteral nutrition for 50 days. He received for 10 days the standard
treatment, Remdesivir and Dexamethasone 6 mg/d. On admission his
laboratory parameters were as follows: white blood cell count
5.3 £ 109/L, neutrophil count 4.09 £ 109/L, lymphocyte count
0.85 £ 109/L, platelet count 175 £ 109/L, albumin 3.7 g/dL, proalbu-
min 10.4 mg/dL, LDH 486 U/L, CRP 10.7 mg/dL (normal values
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Fig 1. CT scan: Caliectasis of the left kidney.

Fig 3. Gram stain. C. kefyr yeast cells. x100 magnification.
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<0.5 mg/dL), D-Dimer 1.09 mg/L, ferritin 1058 ng/mL. During his ICU
stay, he has undergone several episodes of bacteremia due to Entero-
coccus faecium, Acinetobacter baumannii and Klebsiella pneumoniae
that were treated appropriately. Two months after his admission, his
condition was deteriorated again, whereas blood cultures were nega-
tive. CRP was elevated to 6.54 mg/dL, D-Dimer were slightly elevated
0.6 mg/L, albumin and total protein levels were low, 2.6 and 5 g/dL
respectively, whereas white blood cell count remained at normal lev-
els 6.14 £ 109/L, neutrophil count at 4.1 £ 109/L, lymphocyte count at
1.46 £ 109/L and platelet count at 334 £ 109/L, as well as LDH levels,
178 U/L. Due to persistent fever, a combination of antimicrobial regi-
mens including liposomal amphotericin treatment was added.
Whole-body CT work up revealed dilatation of the left renal pelvic
system without obvious obstruction and a nephrostomy tube was
placed. Because of respiratory failure, Methylprednisolone 80 mg/d
was added. Under this treatment, his respiratory function improved
and PCR SARS-CoV-2 turned negative, but a second CT revealed cal-
iectasis of the left kidney, inflammatory elements around the renal
pelvis reducing its lumen and no passage of the contrast agent
through the renal pelvis (Fig. 1). At that time, culture of urine speci-
men collected from the nephrostomy grew yeast colonies (Fig. 2. 3)
identified as C. kefyr by API 20C AUX (bioMerieux SA, France), VITEK2
YST (bioMerieux SA, France) and MALDI-TOF MS (Bruker Biotyper for
identification of clinical yeast isolates, Bruker Daltonics, Bremen, Ger-
many - Library database used was BDAL/ 8468 MSPs), whereas, blood
cultures were negative. Antifungal susceptibility testing was per-
formed using the concentration gradient diffusion assay (Etest; bio-
M�erieux SA, France) and acquired values (mg/L) were as follows:
amphotericin B >32, 5-flucytocine 2, fluconazole 0.38, itraconazole
Fig 2. C. kefyr colonies on Sabouraud Dextrose agar.
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0.125, posaconazole 0.125, voriconazole 0.023, isavuconazole 0.008,
caspofungin 0.25, micafungin 0.047, anidulafungin 0.064. Antifungal
susceptibility testing was also conducted by EUCAST broth microdilu-
tion method [21]. There was categorical agreement for all agents
tested and all agents’ MICs had a maximum difference of 1−3 dilu-
tions with the exception of caspofungin and amphotericin B where a
greater discrimination was observed. In specific, the following MICs
were acquired: amphotericin B 2, 5-flucytocine 1, fluconazole 0.12,
itraconazole 0.06, posaconazole 0.06, voriconazole 0.008, caspofungin
0.03, micafungin 0.12, andulafungin 0.12. The isolate was assessed for
biofilm formation as previously described with slight modifications
[22]. Biofilm staining (Fig. 4) and quantification was performed as
previously described [23] and the isolate was classified as a strong
biofilm producer [24].

Amphotericin was replaced by fluconazole 400 mg / day and corti-
costeroids were gradually discontinued. The patient remained for
another 21 days in antifungal treatment as he refused endoscopic
removal of a possible fungus ball. Since malignancy had been
excluded based on three negative cytology results, nephrostomy
catheter was removed after successful urine passage evaluation. Flu-
conazole treatment was continued for another 7 days. The patient
remained fever-free, hemodynamically stable and a new imaging test
did not reveal obstructive left kidney disease.
Discussion

C. kefyr (anamorph/asexual form) - and its teleomorph/sexual
form K. marxianus - represents a rare isolate in cases of invasive can-
didiasis, accounting for 0.45% of invasive Candida isolates recorded
by the SENTRY Program 1997−2016 [1] and has predominately
associated with hematological and other malignancies [4−10].
Fig 4. Crystal violet stain. Red arrow: wells containing C. kefyr biofilm, black arrow:
wells without yeast cells (negative control).
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Nevertheless, selected cases have been described in patients without
profound immunosuppression, such as a patient with history of
abdominal surgery and subsequent use of broad spectrum antibiot-
ics [25]. In our case, the patient had no apparent immunosuppres-
sion until he got severe SARS-CoV-2 infection. Risk factors for fungal
infection, included prolonged stay in ICU under broad spectrum
antibiotics and corticosteroids, central venous catheterization,
mechanical ventilation and urologic manipulation.

Rate of C. kefyr isolation from urine specimens extends between
2.5% to 3.57% [26−27]. In selected cases, C. kefyr isolation from urine
has been associated with invasive candidiasis. These include two
cases of renal transplant patients [28] and a case of disseminated dis-
ease originated from genitourinary tract in a patient with metastatic
cancer [3]. C. kefyr associated fungus ball has been formed in the blad-
der of a patient with hematological malignancy [7] and a case of per-
sistent calculus-associated C. kefyr cystitis has been reported [29].

Cases of C. kefyr upper urinary tract infection are scarce. The first
published case involves a 74-year-old patient with diabetes and
hypertrophic obstructive cardiomyopathy. The patient presented
with haematuria and CT scan revealed a hemorrhagic mass at the kid-
ney [14]. The second case involves a neonate with anal atresia, colos-
tomy surgery, and vesico-ureteral-reflux grade V. The neonate
developed initially bacterial urinary tract infection and afterwards, C.
kefyr pyelonephritis. The yeast was isolated from urine cultures [13].
The third case refers to a 60-year-old patient with a history of uncon-
trolled diabetes and consumption of broad spectrum antibiotics. The
patient presented with sepsis, pleural effusion and a perinephric col-
lection. C. kefyr was isolated from both urine and aspirate of the peri-
nephric mass [15].

Assessment of yeast isolation in urine specimens remains a con-
troversial issue in patient management. This is due to the fact that it
is indicative of a wide spectrum of conditions including asymptom-
atic candiduria; in this case administration of antifungal agents may
not be required. Current recommendations suggest that candiduria
should be treated regardless the presence of symptoms in patients
that are at high risk for disseminated disease, such as neutropenic
patients, low-birth weight infants (<1500 g) and patients who will
undergo urologic manipulations. On the other hand, symptomatic
Candida cystitis, symptomatic ascending Candida pyelonephritis, as
well as Candida urinary tract infection associated with fungus balls,
require treatment [30].

Treatment approaches include removal or replacement of urinary
tract instruments, such as stents and Foley catheters, and use of anti-
fungal agents, mainly fluconazole at 200−400 mg/d for 2 weeks and
liposomal amphotericin B, 3−5 mg/kg/d for 1−7 days. In cases of Can-
dida urinary tract infection, imaging of the urinary tract by ultra-
sound or CT scan is helpful in defining structural abnormalities,
hydronephrosis, abscesses, emphysematous pyelonephritis, and fun-
gus ball formation. Aggregation of mycelia and yeasts in fungus balls
in bladder or kidney leads to obstruction and precludes successful
treatment of infection with antifungal agents alone [30]. Fungus balls
are an uncommon complication of Candida urinary tract infections in
adults and surgical intervention along with long lasting treatment is
strongly recommended [30].

Taking into account that many isolates are capable of biofilm for-
mation, additional obstacles in efficient treatment plan are posed.
Fluconazole may demonstrate diminished activity on mature bio-
films, whereas use of traditional biofilm active antifungal agents,
such as amphotericin B and echinocandins, may be disabled by high
MIC values, inability to achieve appropriate concentrations at the site
of infection- echinocandins in urine - or diminished activity against
planktonic cells eg caspofungin [31].

Since there are no established clinical breakpoints for C. kefyr by
EUCAST or CLSI, MIC values could be assessed in accordance with
respective breakpoints of C. albicans or in respect to epidemiological
cut-off values (ECVs &ECOFFs). Based on EUCAST ECOFFs the isolate
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was wild-type to fluconazole and non-wild-type to amphotericin B
[32]. In addition, according to proposed Etest-based ECVs the isolate
was wild-type to fluconazole, voriconazole and anidulafungin and
non-wild-type to amphotericin B [33]. High MIC values to amphoteri-
cin have been already documented in other studies [10, 11]. In a large
collection of bloodstream isolates, the authors observed that 52% (15
out of 29) of the isolates had MIC values >1 mg/mL [34]. However, in
two studies concerning various clinical specimens, only 8% (5 out of
63) and none (0 out of 33) of the isolates had elevated MIC values
[12, 35]. In this case, although the isolate was evaluated as amphoter-
icin non-wild type by both EUCAST and Etest methodology, a major
discrepancy regarding MIC values was observed. In a previous study
regarding a collection of amphotericin B resistant C. haemulonii and
C. pseudohaemulonii isolates, the authors suggested that Etest method
on Mueller Hinton agar plates provided superior discrimination
between amphotericin B-resistant and -susceptible isolates and
noted that EUCAST as well as CLSI method generated narrow ranges
of amphotericin B MICs [36]. Also, in a recent paper, Berkow et al.
denoted the advantage of gradient diffusion strips versus broth
microdilution methods for testing of amphotericin B. They suggest
that broth microdilution testing reveals MIC values which are tightly
clustered within a range of 0.25 to 1 mg/ml, whereas gradient diffu-
sion strips provide a more reliable discrimination between suscepti-
ble and resistant isolates as far as a molecular target for resistance is
lacking [37]. Nevertheless, amphotericin B resistance of this isolate
can be indirectly claimed, since the present case appears to be a
breakthrough infection due to prior use of amphotericin B regimen.
Along with other Candida sp., C. kefyr has been reported to develop
resistance upon exposure to antifungals and is considered one of the
emerging multi-drug resistant Candida [38].

Regarding MIC determination for caspofungin by EUCAST broth
microdilution method, significant inter-laboratory variation in MIC
ranges have been recorded. This fact excludes so far establishment of
ECOFFs or clinical breakpoints. Alternatively, susceptibility to caspo-
fungin can be presumed according to susceptibility to micafungin
and anidulafungin [21, 39].

Moreover, Candida pyelonephritis can be a sign of concurrent Can-
dida bloodstream infection as far as it can develop either as an
ascending infection arising from the lower urinary tract, or because
of hematogenous spread to the kidneys in a patient with candidemia.
Even though in many cases the yeast is not isolated from the blood,
candidemia cannot be excluded as approximately as high as 50% of
cases of invasive candidiasis are not identified by blood culture [17].
Moreover, the vast majority of C. kefyr upper urinary tract infections
retrieved from literature have been complicated with disseminated
disease [14, 15]. Only in one case of C. kefyr pyelonephritis in a neo-
nate, the yeast was isolated solely from urine; nevertheless, the
authors considered the case as systemic infection and speculated that
hematogenous spread was preceded to renal involvement [13].

In our case the origin of infection is unclear, although catheteriza-
tion could be suspected. In a recent study, two cases of invasive can-
didiasis due to Saccharomyces cerevisiae in COVID-19 patients were
described upon receiving a probiotic supplement [40]. Considering
that C. kefyr is associated with dairy products and that this is the first
isolate in our settings, we could speculate a possible yeast transloca-
tion from the patient’s digestive tract into the bloodstream, possibly
due to damaged intestinal mucosal barrier. Association between C.
kefyr candidemia and consumption of dairy products, such as yogurt,
has been documented in reports concerning hematological patients
[4, 7].

Fungal infections in COVID-19 patients have increased. A study
from Spain reported a rate of 0.7% (7/989) of fungal super-infections
complicating hospitalized COVID-19 patients: four of them were
caused by molds and three by Candida, in specific one each of candi-
demia, candiduria, and complicated intraabdominal candidiasis [17].
In another study from Spain, a great increase in candidaemia cases
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along with a shift from other Candida sp to C. auris prevalence is
described [41]. Moreover, invasive yeast infections are associated
with a higher mortality in COVID-19 cases not receiving antifungal
treatment compared to those receiving [17]. Therefore, high suspi-
cion index and careful evaluation of all available laboratory data are
of paramount importance to these patients.

Although yeast and mold infections are more common in COVID-
19 ICU patients, this is the first − to the best of our knowledge- case
of invasive C. kefyr urinary tract infection in a COVID-19 patient. In
addition, pyelonephritis associated with fungus ball formation is a
rare entity and is more commonly managed with removal of the
obstruction by radiological or surgical intervention along with sys-
temic antifungal agents. In this case, resolution of the infection was
achieved by solely prolonged intravenous antifungal therapy and
removal of nephrostomy catheter without surgical intervention.
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