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Abstract

Solid organ transplant recipients are at high risk of fungal infections, because of ongoing immu-
nosuppressive treatment. There are three post organ transplant phases: early, intermediate, and late,
all of them at risk of Candida infections. Since conventional tests are insufficient, specific secondary
diagnostic tests are still being explored. Serological tests are currently the most common choice. The
present study was to determine the usefulness of mannan antigen and anti-mannan antibody detection
in diagnosing invasive candidiasis in liver or kidney transplant recipients. The levels of mannan and
anti-mannan antibodies were assessed with Platelia Candida Ag Plus, and Platelia Candida Ab Plus
(Biorad, Marne-la-Coquette, France) commercial tests, according to manufacturer’s guidelines. Sixty
six serum samples were obtained from 25 patients (9 liver transplant recipients, 7 kidney transplant
recipients, and 9 patients prepared for a kidney transplant), 29 serum samples from 15 patients tested
positive for mannan antigen. Serum samples were obtained from 14 patients tested positive for an-
ti-mannan antibodies. Fungal antigen detection in blood serum in patients under immunosuppression,
especially with neutropenia, suggests that antifungal treatment should be administered. Serological
tests, especially mannan and anti-mannan ones, are very useful for confirmation or exclusion of invasive
candidiasis in high-risk patients.
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Introduction

Fungal infections in solid organ transplant recipients
are difficult to diagnose and treat. This type of infection
is related, among others, to the type of the transplanted
organ. Invasive candidiasis occurs more often in liver re-
cipients, and invasive aspergillosis in lung recipients [1-3].
Invasive candidiasis is one of the main post transplant
complications, presenting a high risk of death. There are
three phases, depending on the time since transplant: early
(1 month after transplant), intermediate (2-6 months), and
late (> 6 months). There might be different types of com-
plications, because of different risk factors depending on
how long ago the transplant was performed. Every phase
carries different risk factors for invasive candidiasis. In-
vasive candidiasis is a risk in the early, intermediate and
late phase, however, each phase is characterised by differ-
ent predisposing factors [1, 3]. Rapid and precise fungal
infection diagnosis and appropriate antifungal treatment
administration are crucial in post transplant patients.

(Centr Eur J Immunol 2014; 39 (2): 187-192)

Tests confirming diagnosis are being developed because
of the difficulty in detecting fungal infections, because of
scarce and unspecific symptoms, and because of insufficient
sensitivity and specificity of classical methods [1, 4]. Besides
classical/culture methods, new ones to detect yeast infections,
such as highly immunogenic components of yeast cell walls
— mannan [Platelia Candida Ag PLUS (Biorad, Marne-la-
Coquette, France)], and also (1-3)-pB-D-glucan (such as Fung-
itec-G, Glucatell — Fungitell), are being researched [2, 5, 6].
Rapid serological tests seem useful to monitor the physical
condition of patients at high risk of fungal infections, and
also make it possible to quickly detect them [6, 7]. Cell wall
components are transient and rapidly taken up by endocytosis
or by the forming immune complexes in invasive infections.
For practical reasons, it is advisable to regularly monitor the
levels of those markers in body fluids in high-risk patients
[6]. The simple detection of yeast cell wall components does
not provide any information on strain antimycotic suscep-
tibility. It is above all important in infections with strains
resistant to basic antimycotics.
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With mannan, a polysaccharide antigen with strong
immunogenic and immunomodulatory properties, it was
possible to come up with a new strategy of invasive candi-
diasis detection. It focuses on simultaneously monitoring
the levels of circulating mannan and anti-mannan antibod-
ies in patients at risk of invasive candidiasis. This strate-
gy increases the chances of detecting invasive infections,
since a high mannan level is related to a decrease in an-
ti-mannan antibodies [6]. That was confirmed in the Sen-
did et al. study, where a single identification of mannan or
anti-mannan antibodies detected the infection in 40-50% of
individuals [8]. Simultaneous testing for these two markers
resulted in an 80% increase in sensitivity and 93% increase
in specificity in the same patients [8].

As it was proven by Sendid et al., simultaneous testing
for mannanaemia and anti-mannan antibodies in diagnos-
ing invasive candidiasis, especially in immunocompetent
patients, increased the chances of detecting an infection
[7, 8]. Research data related to the afore-mentioned param-
eters are scarce. Sendid et al. investigated their correlation
in patients presenting invasive candidiasis symptoms, but
no neutropenia symptoms [2, 4, 7]. Despite quite thorough
descriptions of the importance of testing for mannan and
anti-mannan antibodies in bone-marrow transplant recipi-
ents, there is still little information about the usefulness of
these tests in surgical and transplant patients, especially
because of the administered immunosuppression. It could
become a helpful parameter in diagnosing invasive candi-
diasis in recipients with stable organ transplants and with-
out additional aggravations [1].

However, these tests are most sensitive with Candi-
da albicans, C. glabrata, and C. tropicalis infections. For
C. krusei, C. parapsilosis, and C. guillermondii infections,
the sensitivity is only of 40-50% [6, 7, 9].

Since so little is known about the usefulness of mannan
antigen and anti-mannan antibodies testing, the idea was
to try assessing the usefulness of this test in surgical and
transplant patients.

The present study was to determine the usefulness of
mannan antigen and anti-mannan antibody testing in di-
agnosing invasive candidiasis in liver/kidney transplant
recipients.

Material and methods

The present study was retrospective. Twenty-five
patients were selected and had serum samples collected
at least twice, as part of routine diagnostic procedures,
and additionally were examined for clinical symptoms
of fungal infections, had their fungal prevention routines
assessed, and fungi were cultured out of various clinical
materials, including blood.

Mycological tests were performed on 66 clinical
samples from 25 patients hospitalised at the Warsaw
Teaching Hospital in 2011-2012. Additionally, 35 clini-
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cal samples collected from those patients were analysed
during that period of time as part of routine mycolog-
ical diagnostic procedures, including blood (4), BAL
(4), sputum (5), and urine (4); other materials included:
throat swab, fluid after liver re-transplantation, aortic
abscess, wounds, drains, samples of tissues, peritoneal
fluid, anal swabs, stool samples, and 66 blood serum
samples. The clinical material was collected during rou-
tine diagnostic procedures from patients hospitalised at
the Warsaw Medical University Institute of Transplan-
tology in 2011-2012.

Strains were cultured on Sabouraud agar with chlor-
amphenicol for 24-48 hours at 30°C, and then on CHRO-
Magar Candida media (Graso Biotech, Starogard Gdan-
ski, Poland). Strain identification was performed using
biochemical traits with the automated ID 32 C test (Bio-
Meriéux, Marcy I’Etoile, France) according to manufac-
turer’s guidelines.

All collected serum samples were stored at —20°C be-
fore testing, according to test manufacturer’s guidelines.
The levels of mannan and anti-mannan antibodies were as-
sessed with Platelia Candida Ag Plus, and Platelia Candida
Ab Plus (Biorad, Marne-la-Coquette, France) commercial
tests, according to manufacturer’s guidelines. Result inter-
pretation followed manufacturer’s mannan cutoffs: nega-
tive < 62.5 pg/ml; positive > 125 pg/ml, for anti-mannan
antibodies: negative < 5 AU/ml; positive > 10 AU/ml.

Results

After analysing 66 serums from 25 patients (9 liver
transplant recipients, 7 kidney transplant recipients, and
9 patients prepared for a kidney transplant), 29 serum
samples from 15 patients tested positive for mannan anti-
gen. Thirty-one serum samples from 14 patients presented
a high level of anti-mannan antibodies. Eleven serum sam-
ples from 7 patients presented a high level of both soluble
mannan antigen and anti-mannan antibodies. In those pa-
tients, Candida spp. yeasts were cultured in three of those
samples. Candida spp. was also cultured in different clin-
ical material from 11 patients with a high mannan antigen
or anti-mannan antibody levels.

Table 1 presents the results of the study.

Discussion

Fungal infections often develop in organ transplant
recipients. The biggest percentage of fungal infections oc-
curs in bone marrow transplants, more rarely in liver trans-
plants, most rarely in kidney transplants. Invasive fungal
infections in those groups are a diagnostic and therapeutic
challenge. Mycological tests, including sample microscopy
analysis, culture on different media, and identification us-
ing biochemical traits, are still insufficient to detect fungal
infections [3, 10].
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Table 1. Results and their clinical interpretation

Patient Mannan antigen Anti-mannan Transplanted Fungal culture Antifungal Clinical
number levels antibody levels organ prophylaxis interpretation
I 33.8 7.0471 kidney C. albicans — sputum, - possible IC
62.8 6.8297 C. glabra.ta - sputum,
2 x C. tropicalis — sputum
51.1 6.1957
I 304.87 50.648 prepared for a kidney no culture fluconazole probable IC
718 20751 transplantation
111 358 5.217 prepared for a kidney 2 x C. albicans — BAL, itraconazole possible IC
transplantation urine
38.1 3.2353
v 308.7 4.2647 kidney C. albicans — blood voriconazole proven IC
181.1 53.72
\% 66.8 2.8824 kidney no culture fluconazole probable IC
86.8 14.435
VI 55.7 0.17647 prepared for a kidney no culture - excluded IC
675 0 transplantation
VII 469.7 7.9891 liver C. albicans — throat fluconazole, proven IC
103 75543 swgb, 6 x C glabrfita caspofungin
— urine, fluid after liver
re-transplantation, BAL,
blood, aortic abscess,
Sputum
VIII 522 50.575 prepared for a kidney no culture - possible IC
304 50.091 transplantation
IX 47.6 3.4706 liver no culture - excluded IC
46.8 2.9706
26.6 8.7843
29.6 1.8571
X 50,3 19.018 kidney 2 x C. krusei —2 x - proven IC
346 26.962 wound, 5 x C glabmta
— 4 x drain, tissue
sample, C. albicans —
peritoneal fluid
XI 33.8 59.294 liver no culture - possible IC
62.8 52.149
51.2 54.571
522 60.626
XII 59.2 2.8286 liver no culture - excluded IC
38.8 4.4857
XTI 120 9.7843 kidney no culture fluconazole probable IC
82.8 8.7843
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Table 1. Continue

Patient Mannan antigen Anti-mannan Transplanted Fungal culture Antifungal Clinical
number levels antibody levels organ prophylaxis interpretation
X1V 78.39 5.1449 liver 2 x C. albicans — fluconazole, proven IC,
oot e demact
163.87 11.22 2 x urine after treatment
39 11.935
90.3 16.101
67.8 9.837
75.02 13.244
149.5 5.0181
50.4 3.7353
XV 44.1 50.512 prepared for a kidney 1 x C. albicans — - proven IC
852 24232 transplantation peritoneal fluid,
3 x C. glabrata — stool,
177.5 16.042 2 x anal swab
XVI 52.9 12.679 kidney no culture - possible IC
54.5 21.775
XVII 40.9 18.417 kidney no culture - possible IC
349 16.08
XVIII 443.96 7.4457 kidney C. parapsilosis — blood - proven IC
322 12.202
53.8 9.9457
XIX 36 26.416 liver no culture - possible IC
261.5 27.235
XX 235.44 9.5098 kidney no culture - possible IC
40.7 8.1569
XXI 300 32 prepared for a kidney C. albicans — sputum - probable IC
312 2314 transplantation
XXII 160 0.70588 prepared for a kidney no culture - probable IC
185.02 07647 transplantation
87.8 0.4706
XXIII 27.6 45.734 prepared for a kidney C. albicans — urine - probable IC
45 64.232 transplantation
9.5 53.038
XXIV 43 62.987 prepared for a kidney C. albicans — BAL, - probable IC
17 39.072 transplantation C. krusei — BAL
XXV 232 44.097 liver no culture fluconazole possible IC
40.7 35.742

BAL — bronchoalveolar lavage, IC — invasive candidiasis
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According to EORTC/IFICG guidelines, there are
three types of fungal infections in high-risk patients: con-
firmed, probable and possible [11].

Positive blood cultures, which enable identification
of systemic mycoses with manifesting clinical signs, in-
dicating organ invasion, are one of the most important
diagnostic criteria; furthermore, additional tests confirm
fungal presence in tissues. Additional tests, such as direct
microscopic examination confirm the presence of fungi
in tissues. Such an infection may be considered proven
(confirmed).

Probable invasive mycosis is diagnosed in the pres-
ence of clinical signs of infection and the detection of bio-
markers (fungal antigen) in at least two serum samples.

Fungal infections in high-risk patients, not presenting
any clinical signs, but with positive cultures in material
collected from various sites but not blood, should be con-
sidered possible [11, 12].

ELISA, the used serological methods, detecting highly
immunogenic cell wall components — mannan antigens,
and also anti-mannan antibodies, are more and more often
used in early detection of fungal infections. Serological
monitoring of mannan antigen and anti-mannan antibody
level in high-risk patients might be a key in detecting or
ruling out invasive mycoses [10].

Testing for mannan and anti-mannan antibodies in sys-
temic candidiasis may be performed about six days earlier
to positive blood cultures [13].

Many studies emphasise the fact that fungal antigen
detection in blood serum in patients under immunosup-
pression, especially with neutropenia, suggests that ade-
quate antifungal treatment should be administered [14].

Different treatment strategies are used, depending on
patient condition and laboratory results. Preventive empir-
ical treatment, used in patients with prolonged neutropenia
and fever lasting over five days despite antibiotic treat-
ment, and also with mucosal candidiasis, or with inflam-
matory lung lesions, is administered in high-risk patients
in order to reduce the risk of invasive fungal infections.
Patients with positive biomarker results undergo preemp-
tive treatment if fungal biomarkers in their blood serum are
regularly monitored [15, 16]. Targeted therapy is used in
patients with a diagnosed fungal infection according to the
antimicrobial resistance profile of the pathogen [11, 14, 17].

Treatment in patients with suspected invasive candidia-
sis as well as in those with a diagnosed infection is difficult
and depends on patient condition, infection localisation,
and infectious strain. The Infectious Diseases Society of
America (IDSA) recommends the following preventive an-
tifungal drugs: fluconazole, itraconazole, and amphotericin
B [18, 19]. Echinocandins (caspofungin, anidulafungin, mi-
cafungin), drugs with a proven high effectiveness in treat-
ing Candida spp. infections, are also often used in empirical
treatment, besides fluconazole and amphotericin B [19].
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Rescue treatment, consisting of a combination of an-
timycotics or non-standard doses, is used in patients with
advanced fungal infections not responding to standard
treatments [14].

A thorough assessment of study results demonstrates
that serological tests may be used to confirm or rule out
invasive candidiasis in high-risk patients. The findings of
the present study were analogous to those of foreign re-
search centres [10, 20].
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