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Abstract: Fungal infections are frequently observed in living-donor liver transplantation (LT) and are correlated with the
clinical outcome. Early diagnosis of fungus infection is difficult because of the low positive rate of blood culture and the
poor specificity of the (1-3)-B-D-glucan assay for fungi. A polymerase chain reaction (PCR)-based method was developed
for the early diagnosis of fungal infection. The PCR-based method consists of a two step PCR amplification from
peripheral blood samples; the first PCR which detects all species of fungi excluding Mucor, Fusarium and Sporothrix
(fungi-specific PCR). Subsequently, nested PCRs is used to determine the species of fungi (species-specific PCR),
Aspergillus/Penicillium (ASP/PEN), Candida albicans/parapsilosis/tropicals/ guliermondi (CAN), Candida glabrata
(C.glab.), and broad spectrum of fungi (Broad spectrum). This method was applied to peripheral blood samples from 31
LT patients, 11 samples from febrile patients in hematological ward (HW), and 15 patients with fever of unknown origin
in the general ward (GW). Fourteen of the LT patients were tested positive with the fungi-specific PCR, 22 with the
species-specific PCR. The positive rates of species-specific PCR were 12.9% for ASP/PEN, 29.0% for CAN, 9.7% for
C.galb. and 45.2% for the broad spectrum, respectively. Five of the HW patients tested positive with the fungus specific-
PCR, and 6 with the species-specific PCR. Two of the GW patients were positive with the fungi-specific-PCR. The
fungus-specific PCR has higher specificity than the (1-3)-bete-D-glucan measurement, and the clinical outcome of LT
patients correlated significantly with the results of this method. In conclusion, that the newly developed PCR-based

method might be useful for early detection and diagnosis of fungus infection in LT patients.
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INTRODUCTION

Fungal infections are opportunistic infections which
occur in patients who have serious underlying diseases and
who are also in an immunological deficient state during
advanced medical treatment. Liver transplantation has been
recently performed at increasingly more centers throughout
the world for patients with hepatitis-related liver failure and
liver cancer [1, 2]. The quality of life and the rates of
survival after liver transplantation have greatly improved as
a result of advances in  surgical techniques,
immunosuppressive therapy and medical management of
patients.

Liver transplantation surgery is extremely invasive, and
serious infections including fungal infections often occur
partly because of the need for immunosuppressive therapy
after transplantation. Complications such as infections
remain the major cause of morbidity and death in organ
transplantation. In particular, fungal infections following
solid organ transplantation remain a major cause of death
[3]. The incidence of infection after transplantation varies
according to the type of organ transplanted, the degree of
immunosuppression, the need for additional anti-rejection
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therapy, and the occurrence of technical surgical
complications [4]. The high mortality rate associated with
fungal infection after organ transplantation is due to the
difficulty of early diagnosis. This is because performing a
blood culture of fungi is time consuming and B-D-glucan [5]
also has a low specificity for fungal infections. Since the
clinical management of fungal infection depends on the rapid
and unambiguous identification of pathogens, the early
detection of fungal pathogens using the polymerase chain
reaction (PCR) has recently been investigated for Candida
albicans [6], other types of Candida [7-9] and Aspergillus
species [10].

A sensitive and semi-diagnostic PCR system including
four nested PCR assays was developed for the detection of
broad spectrum fungi, Candida glabrata, and Candida
species other than C. glabrata, and Aspergillus/Penicillium
species in patients undergoing liver transplantation.

MATERIAL AND METHODS
Patients

This study examined 31 post-liver transplantation
patients, 11 patients in the hematology ward and 15 patients
in the general ward, between June 1, 2003 and December 31,
2004, at the Mie University School of Medicine. Of the 31
patients who had undergone liver transplantation, 17 had
liver cirrhosis, 12 had hepatic cell carcinoma (HCC), 1 had
congenital bile duct atresia and 1 had fulminant hepatitis
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(mean age, 54; range, 25-70; sex, F:M=11:20). The 11
patients with hematological diseases suspected of having
fungal infections following chemotherapy included 3 with
myelodysplastic syndrome (MDS), 2 with multiple myeloma
(MM), 1 with acute myeloblastic leukemia (AML), 1 with
acute lymphocytic leukemia, 1 with chronic myelocytic
leukemia with blastic crisis, 1 with hypoplastic leukemia, 1
with acquired immunodeficiency disease (AIDS) and 1 with
renal cancer (mean age 57, range 50-76; sex, F:M=5:6). The
15 infectious patients without opportunistic infection in the
general ward included 4 with diabetes mellitus, 3 with
pneumonia, 3 with solid cancer, 1 with sepsis, 1 with
suffered burns, 1 with hemophagocytic syndrome, 1 with
chronic hepatitis and 1 with no underlying disease (mean
age, 73, range 28-87; sex, F:M=5:10). The study protocol
was approved by the Human Ethics Review Committee of
Mie University School of Medicine.

Amplification of Fungal Cell DNA by PCR

Reference strains of twenty-six fungus reference strains
(Japan Collection of Microorganisms RIKEN, Saitama,
Japan) were used to test the primers specificity. Fungal cell
colonies were peeled off from the agar surface using a sterile
micro loop, and the cells were washed with 1 ml of sterilized
water. After centrifugation, the cells were resuspended with
100 pl of sodium saline and collected by centrifugation at
12,500 G for 10 min. Cellular DNA was extracted using
SepaGene (Sanko Junyaku, Tokyo, Japan) after heat-
treatment at 90°C for 20 min in 50 pl of lysis reagent (Roche
Diagnostics, Tokyo). Blood samples were obtained from
each subject and DNA was extracted from whole blood cells
from 100 pl of peripheral blood by means of the same
method as that used for the fungal cells.

PCR was performed in a 25-pl reaction mixture
containing 500pg DNA, 15 mM Tris (pH 8.0), 50 mM KCl,
1.5 mM MgCI2, 100 uM dATP, dCTP, dGTP and dTTP, and
0.25 U of Taq Gold DNA polymerase (Applied Biosystems,
Foster City, CA) using the primer sets listed in Table 1. The
fungi-specific PCR profile was as follows: 15 min at 95°C,
40 cycles of 30 sec at 94°C, 30 sec at 55°C, 60 sec at 72°C
and finally 7 min at 72°C. The species-specific PCR (nested
PCR) were performed using these PCR products as a
template and species-specific PCR primers. These PCR
products were separated by electrophoresis on 2% agarose
gel and visualized by ethidium bromide staining and
fluorescence transillumination.
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Types of Nested PCR Systems

The fungi-specific PCR was designed to detect various
pathogenic fungi and used the primer pair Fung-F and B4R,
which amplifies the 18SrRNA region [11]. Subsequently to
fungi-specific PCR, four species-specific PCR (nested PCR)
methods were also designed to identify pathogenic fungi and
their sensitivity to anti-fungal drugs using the fungi-specific
PCR amplification products: 1) ASP/PEN: for detection of
fluconazole (FLCZ)-resistant Aspergillus/Penicillium
species, 2) C. glab.: for the detection of FLCZ-moderately
resistant C. glabrata, 3) CAN: for the detection of FLCZ-
sensitive C. albicans, Candida parapsilosis, Candida
tropicalis and Candida guilliermondii, and 4) Broad
spectrum: for the detection of broad spectrum fungi. This
system was similar to the fungi-specific PCR. These systems
are illustrated in Fig. (1) and were used either individually or
in combination for the detection of fungi.

Other Tests

C-reactive protein (CRP), B-D-glucan and Aspergillus
antigen were measured using the N-assay TIA CRP-S kit
(Nitto Boseki, Fukushima, Japan), the B-glucan test (Wako
Pure Chemical Industries, Osaka, Japan) and the Platelia
Aspergillus kit (Bio-Rad, Paris, France), respectively. Blood
culture for fungus was carried out in the BacT/Alert system
(Biomerieux, Durham, USA)

Statistical Analysis

A statistical analysis was performed using Fisher’s exact
probability test. A P value less than 0.05 was considered to
indicate the presence of a statistically significant difference.
The sensitivities and specificities for poor outcome (death
within 24 weeks) were calculated and shown in Table 5.

RESULTS

Table 2 shows the 26 fungus reference strain stocks
analyzed by the species-specific PCR systems. The results
indicate that these nested-PCR systems detect pathogenic
fungi Aspergillus sp., Penicillium sp., Candida sp. (except C.
krusei), C. glabrata, and most other fungi. This PCR system
could detect 1 X 10> CFU/ml of fungal infections, but the
more commonly used blood culture system could not detect
less than 1 X 10° CFU/ml of fungal infections, thus
indicating that the sensitivity of this PCR system for
detecting fungal infections was 10-fold higher than blood
culture system.

Table 1. Oligonucleotide Primers Used for PCR Amplification
PCR Name Forward Primer Reverse Primer Product(bp)
Fungi-specific PCR Fung-F ¢ 5-TTCGATGGTAGGATAGTGGCC-3' B4R : 5-TGATCGTCTTCGATCCCCTA-3’ 683
Speices-specific PCR
ASP/PEN Fung-F ¢ 5-TTCGATGGTAGGATAGTGGCC-3' n-Asp/Pen-R : 5-AGCCAGTGAAGGCCATG-3’ 410
C.glab. Fung-F ¢ 5-TTCGATGGTAGGATAGTGGCC-3' n-C.glab.-R : 5’-CCAAGCCAGAAGGACTTGG-3’ 405
CAN n-Candida-F : 5’-TTTGATGCGTACTGGACCCA-3’ B4R : 5-TGATCGTCTTCGATCCCCTA-3’ 337
Broad spectrum n-Fung-F : 5’-GAATAAGGGTTCGATTCCGG-3’ n-Fung-R  : 5-CCCCGACCGTCCCTATTAAT-3" 410
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Fourteen of the 31 liver transplant patients were positive
by fungi-specific PCR, 22 were positive by species-specific
PCR (ASP/PEN, 4; CAN, 14; C. glab., 6; ASP/PEN +CAN,
2; CAN + C. glab., 1; Broad spectrum, 22), 26 were positive
by the B-D-glucan assay, and none was positive by culture
methods (Tables 3 and 4). Five of the patients with
hematological diseases were positive by fungi-specific PCR,
6 were positive by species-specific PCR (ASP/PEN, 3; Can,
3), and 6 were positive by the B-D-glucan assay (Table 4).
Two patients in the general ward were positive by fungi-
specific PCR, 3 by species-specific PCR (CAN, 3) and 2 by
the B-D-glucan assay (Table 4).

One week after liver transplantation, 18 patients were
positive by B-D-glucan, in comparison to 12 patients that
were positive by species-specific PCR and 7 patients that
were positive by fungi-specific PCR (Fig. 2). However,

(A)

1st PCR product: 683bp
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starting two weeks after surgery, the proportion of patients
with fungal infections detected by species-specific PCR was
higher than those detected by B-D-glucan. At 12 weeks post
surgery, none of the patients was positive by fungi-specific
PCR, species-specific PCR, or f-D-glucan (Fig. 2).

Febrile patients were considered positive for fungal
infection when C-reactive protein (CRP) was > 5 mg/dl. The
sensitivity (85.7%) of B-D-glucan for fungal infection (CRP
>5 mg/dl) was high but the specificity (10.0%) was low
(odds ratio [OR]: 0.667, p<0.629). Both the sensitivity and
specificity of fungi-specific PCR for detecting infection were
high (81.8% and 84.6%, respectively). The sensitivity and
specificity of the species-specific PCR for detecting
infection were high (90.0% and 50.0%, respectively, OR:
9.0, p=0.050). Only the fungi-specific PCR had a significant
association with infection (OR, 24.75, p=0.002). The
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Fig. (1). Primer target areas in fungus 18SrRNA and PCR specificity. (A) PCR systems to detect various fungal infections. (B)
Representative PCR results for reference strains. (a: Aspergillus fumigatus, b: Candida albicans, c: Candida glabrata).
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Table2. Detection of Various Fungi by Species-Specific PCR Systems
JCM No. Fungus Fungi- Specific PCR Species-Specific PCR
ASP/PEN CAN C. Glab. Broad Spectrum
1542 Candida albicans - + - +
2070 Candida albicans - + - +
1622 Candida tropicalis - + - +
1541 Candida tropicalis - + - +
1618 Candida parapsilosis - + - +
1784 Candida parapsilosis - + - +
3699 Candida guiliermondii - + - +
3761 Candida guiliermondii - + - +
1539 Candida glabrata - - + +
1606 Candida glabrata - - + +
1509 Candida krusei - - - +
1608 Candida krusei - - - +
2061 Aspergillus flavus + - - +
10252 Aspergillus flavus + - - +
5546 Aspergillus niger + - - +
5547 Aspergillus niger + - - +
1617 Aspergillus fumigatus + - - +
1618 Aspergillus fumigatus + - - +
2598 Aspergillus terreus + - - +
10257 Aspergillus terreus + - - +
3685 Cryptococcus neoformans - - - +
3687 Cryptococcus neoformans - - - +
1462 Trichoaporon cutaneum - - - +
2936 Trichoaporon cutaneum - - - +
1809 Trichoaporon asahii - - - +
1810 Trichoaporon asahii - - - +

mortality rate was lowest in liver transplant patients,
followed by febrile patients in the general ward and febrile
patients with hematological diseases (Table 4). The
relationship between the clinical outcome and the PCR
results for fungus detection (Table 5) showed that the PCR
sensitivity for a poor outcome (death within 24 weeks) was
low, but the PCR specificity for a poor outcome was
markedly high in liver transplant patients (Odds ratio > 20.0,
p< 0.01). The PCR specificity for poor outcome was low in
patients in the hematological and general wards. The clinical
outcome of liver transplant patients correlated significantly
with the species-specific PCR results, but the outcome of
patients in the general ward did not.

DISCUSSION

A markedly high frequency (71.0%) of fungal infections
was detected in liver transplant patients by species-specific
PCR. Previous studies using other methods [12-14] reported
a much lower frequency ranging from 2 to 50%. These

results indicate that this PCR system has high sensitivity and
specificity for fungal infections and the assay results are
available within a relatively short time period. A high
frequency of fungal infections was also observed in patients
on the hematological ward. These patients had received high-
dose chemotherapy and had severe neutropenia, thus
rendering them susceptible to fungal infections. Liver
transplant patients and patients with hematological
malignancies would benefit from the early detection of
fungal infections provided by these PCR assays.

The B-D-glucan results in liver transplant patients had a
high rate of positives, especially one week after
transplantation. However, Fisher’s exact probability test
showed no relationship between B-D-glucan and infection.
These results suggest that the surgical procedure itself could
cause false positives in liver transplant patients. In
comparison, the PCR results correlated significantly with
fungal infections, thus suggesting that these PCR assays are
useful to diagnose and manage fungal infections.
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Table3. PCR Results for Liver Transplant Patients
Results of PCR
Sex & Disease Outcome : i i Asper-A Culture
Age Fungi- Species-Specific PCR Presumed P g
Specific PCR ASP/PEN | CAN | C.glab. | Broad Spectrum Fungal Group
M50 FH deceased + + - - + A/P - -
M54 LC deceased + + - - + A/P + -
F50 LC alive + - - + + C. glabrata - -
M48 LC alive + - + - + Candida - -
F46 LC deceased - - - - - Negative - -
M54 HCC alive - - - + + C. glabrata - -
M52 LC alive - - - - - Negative - -
M58 LC deceased - - - - - Negative - -
M54 HCC alive - - - - - Negative - -
M58 HCC, DM alive + + + - + A/P, Candida - -
M44 LC alive + - + - + Candida - -
M54 HCC, DM alive - - - + + C. glabrata - -
F65 LC alive - - - - - Negative - -
M61 HCC alive + - + - + CAN - -
M50 LC alive - - + - + CAN - -
F63 LC, DM deceased - - + - + CAN - -
F67 HCC alive + + + - + A/P, Candida - -
F66 HCC alive + - - + + C. glabrata - -
F44 LC alive + - + - + Candida - -
M25 CBDA alive + - + - + Candida - -
M56 LC,DM alive - - - - - Negative - -
F70 HCC alive - - + - + Candida - -
F65 LC alive + - + - + Candida - -
Mé61 LC alive - - - - - Negative - -
F45 LC alive + - - + + C. glabrata - -
M38 HCC alive - - - - - Negative - -
M60 LC alive + - + - + Candida - -
M58 HCC,DM | deceased - - - - - Negative - -
M42 LC, DM alive - - + - + Candida - -
F55 HCC alive - - + - + Candida - -
M56 HCC alive - - - + + C. glabrata - -

FH: fulminant hepatitis, HCC: hepatocellular carcinoma, DM: diabetes mellitus, LC: liver cirrhosis, CBDA: congenital bile duct atresia, A/P: Aspergillus/Penicillium species.

Swoboda-Kopec et al. [15] examined liver transplant
patients and detected various fungal infections, including C.
albicans (54.5%), C. glabrata (19.1%), Candida krusei
(5.6%), and other Candida species (6.2%). The proportion of
patients with ASP/PEN (9.1%) and C. glab. (27.3%) in the
current study were slightly higher than in previous reports,
thus suggesting a possible increase in fluconazole-resistant
fungi. Amphotericin B is the standard treatment for reducing
invasive fungal infections in patients with neutropenia and

persistent fever [16, 17]. However, amphotericin B is
associated with significant dose-limiting nephrotoxicity and
infusion-related reactions. Fluconazole has relatively low
side effects but has limited use because of a narrow
antifungal spectrum restricted to yeasts [18, 19]. Although
there are new anti-fungal agents, such as micafungin [20]
and voriconazole [21, 22], these treatment options need to be
further examined. The prevalence of ASP/PEN appears to be
higher in hematological patients than in liver transplant
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Table4. Fungal Infections in Patients Undergoing Liver Transplantations, Hematological Diseases and Other Patients in the
General Wards, and the Relationship Between the Clinical Outcome and the Fungus PCR Status
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LT 54 1120 26 14 2 13 6 22 6 55.6% 26.25 50.0% 20.00
(25-70) : (83.9%) | (452%) | (6.5%) | (41.9%) | (19.4%) | (71.0%) | (19.4%) | (95.5%) | (0.004) | (95.5%) | (0.007)
HW 57 5.6 6 5 3 3 0 6 6 80.0% 8.0 66.7% 3.0
(50-76) : (54.5%) | (45.5%) | (27.3%) | (27.3%) | (0%) | (54.5%) | (54.5%) | (66.7%) | (0.175) | (60.0%) | (0.392)
GW 73 510 2 2( 0 3 0 3 7 100% - 66.6% 2.8
(28-87) | (133%) | 133%) | (0%) | (20.0%) | (0%) | (20.0%) | (46.7%) | (61.5%) | (0.200) | (41.7%) | (0.446)

Fungi-specific PCR: positive 1 week after liver transplantation. Species-specific PCR: positive for more than one PCR assay 2 weeks post-liver transplantation. Outcome: death
within 24 weeks of liver transplantation. LT: liver transplantation, HW: hematological ward, GW: general wards.

patients. It should be noted that 4 liver transplant patients
with fungal infections could not be identified out of the 22
patients who were species-specific PCR-positive. Therefore,
this PCR system cannot diagnose fungal infections with
100% accuracy.
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Fig. (2). Number of liver transplant patients who tested positive by

the Fungi-specific PCR (squares), Species-specific PCR (triangles)

and B-D-glucan (circles) during the 12-week post-operative period.
The current data show that the clinical outcome

correlated significantly with the detection of fungal infection
by PCR assays in liver transplant patients, but not with

patients in the general ward. Fungal infections were
frequently observed in liver transplant patients and the
detection of fungal infection by species-specific PCR
correlated with the outcome. Therefore, the semi-diagnostic
PCR system may potentially be useful for detecting fungal
infections and to confirm the diagnosis of fungal infections
in liver transplantation.
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