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Abstract: Objective: To evaluate of the immune tolerance in adult LT recipients with Invasive fungal infections
(IFls). Methods: 109 consecutive LT recipients who received LT were included. Percentage of T subsets (CD4 +
CD25hiCD127-T cells, CD4 + CD25l0CD45RA + T cells, CD4 + CD25l0CD45RA- and CD4 + CD45RA-CD45R0 + T
cells populations), levels of cytokines (IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IFN-y, IL-12p70, IL.-17, TNF-&, TNF-3 and GM-
CSF) were detected by FACS and Bioplex in peripheral blood. Biopsy specimens were fixed, monoclonal antibodies
against CD4, Foxp3 and IL-17 were applied to the above sections and FISH was performed. Results: The risk of acute
rejection was decreased in fungal infected liver transplant recipients comparing with non-fungal infected group.
CD4 + CD25hiCD127T cell population was increased in peripheral blood and memory CD4 + CD45RA-CD45R0O
+ T cell population decreased. There was significant lower levels observed in naive CD4 + CD25l0CD45RA + and
CD4 + CD25l0CD45RA- T cell populations in fungal infected liver transplant. Moreover, IL-2, IL-6, IL-10 and GM-CSF
were decreased. However, no significant difference with IL-4 and IL-8 in serum in two infected LT recipients. Conclu-
sion: The incidence of graft rejection in liver transplantation recipients with fungal infections was lower than the
non-fungal group. It is important to assess the risk during pretransplant and postoperation for liver transplantation.

Keywords: Graft rejection, fungal infections, T cell subsets, cytokines, liver transplantation

Introduction mortality in patients with developing IFls [5].

Thus, many treatments have confined antifun-

Invasive fungal infections (IFIs) which most
commonly occur after orthotopic liver trans-
plantation (LT) are major causes of morbidity
and mortality among patients undergoing LT.
Although surgical techniques and immunosup-
pressive regimens have evolved to reduce
mechanical complications and rejection epi-
sodes in liver transplant recipients (LTRs), IFls
occur in up to 42% of patients after LT with the
absence of antifungal agents [1, 2]. Due to the
better outcomes with recent years in the litera-
ture, it is possibly related to the availability of
newer antifungal agents and earlier detection
[3].

Antifungal prophylaxis has not indicated a ben-
eficial effect on patient or graft survival [4].
However, it has been associated with increased

gal prophylaxis to patients with specific risk
factors.

Study had shown previously that suppression of
the immune function may lead to a susceptibil-
ity to fungal infection, partially due to the
increased regulatory T-cells expression [6].
However, the recipient risk assessments of fun-
gal infection have not been evaluated undergo-
ing LT. Prophylactic strategies for antifungal
prophylaxis have been contemplated for pa-
tients with increased risk of LT [7]. In current
study, we collected 109 subjects with IFls after
LT to further define the pathogens and deter-
mine their incidence, associated mortality, and
risk factors of IFI while considering the risk of
allograft rejection. The aim of this study was to
elicit the application of a cell immune function
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assay in monitoring immune status, and to
assess trends in incidence, thus evaluating the
development of fungal infections under immu-
nosuppression.

Materials and methods
Study population

We conducted chart review retrospectively for
all subjects who were deceased donor of LT
from January 2010 to June 2012 at Shanghai
First People’s Hospital Affiliated to Shanghai
Jiao Tong University, a 1586-bed tertiary-care
institute in China that specializes in organ
transplantation. This study was approved by
the institutional review board of the Shanghai
Jiao Tong University and was performed in
accordance with the Declaration of Helsinki. All
LT recipients were evaluated using UNOS MELD
scoring system. LTs were accomplished using
cadaveric livers and orthotopic liver transplants
(OLT) which had end-to-end biliary anastomosis
constructed without T-tube drainage [8].

All subjects with less than 18 years of age,
dead within 1 week of LT, combined liver/kid-
ney transplant or retransplants and subjects
without hospital records or follow-up were
excluded. All patients received oral nystatin for
mucosal fungal decolonization. Data collected
from hospital chart for each liver transplanta-
tion recipient included perioperative demo-
graphic and clinical characteristics (i.e., age,
gender, and Child-Pugh), operative variables
(i.e., operation time, blood loss) and clinical
events post-transplant (i.e., duration of initial
intubation, intensive care unit [ICU] stay, reop-
eration, dialysis, and rejection).

For the risk factor analysis, control subjects
were recruited from the same institution and LT
recipients. All LT recipients were divided into 2
groups: non-fungal infected control group
including bacterial infection or without any
infection (NFI); and invasive fungal infection
group (IFI).

IFls were defined according to the criteria pro-
posed by the European Organization for
Research and Treatment of Cancer and the
Mycoses Study Group [9]. Briefly, this included
histopathological evidence of a fungal infection
or a positive culture from a normally sterile site,
including blood, cerebrospinal fluid, and perito-
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neal fluid (not including indwelling drainage
catheters). A central venous catheter associat-
ed bloodstream infection was identified if
Candida was grown from blood obtained from a
central venous catheter and at least 1 coinci-
dent peripherally obtained blood culture and no
other source could be identified. Candida grown
from sputum, the oral cavity, urine, or skin was
defined as fungal colonization and was not
included in the definition of IFl. Mold infections
were defined as proven (consistent histopatho-
logical results or a positive culture from tissue
obtained by an invasive procedure or autopsy)
or probable (a positive sputum culture with
compatible radiographic findings such as pul-
monary infiltrates or new pulmonary nodules). If
there was only one major clinical criterion in a
patient without any other clear diagnosis, but
being treated effectively for antifungal therapy,
patients are considered to have ‘possible IFI".
Patients with definite, probable or possible IFI
were diagnosed as having a fungal infection in
this study. Antifungal susceptibility tests were
performed routinely onward for isolating from
blood or sterile sites. Death was considered to
relate to IFl if the patient had positive cultures
from blood or any other normally sterile site
within 48 h of expiration. Postmortem evidence
of IFI was used to confirm the relationship to
death.

Specimens and isolates

Infection of patients was confirmed by a single
culture after observing clinical signs of infec-
tion (e.g., chills, fever, hypotension or by imag-
ing such as CT or chest X-ray) or isolation of a
microorganism in two consecutive cultures
associated with signs of infection. Specimens
were taken from corresponding infected sites
for bacterial species identification. Multiple
samples from the same patient were taken at
different time points [10]. Species identifica-
tion for the bacterium was performed using the
VITEK 2 System (bioMe rieux, France) for rapid
microbial detection. Antimicrobial susceptibility
was determined by the minimal inhibitory con-
centration (MIC) agar dilution method accord-
ing to recommendations of the Clinical and
Laboratory Standards Institute (CLSI). Regular
quality control was performed using the follow-
ing American Type Culture Collection (ATCC)
strains: Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 [11].
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All fungal infection episodes occurring within
one year of liver transplantation were described
regarding the aetiological agent and infection
site. Fungal infection was considered “early”
with < 90 days after transplantation and “late”
with > 90 days after transplantation.

Immunosuppressive and rejection therapy

Immunosuppression characteristically consist-
ed of a 3-drug combination of corticosteroids
(methylprednisolone), tacrolimus, and myco-
phenolate mofetil initiated on the day of trans-
plantation. All patients received methylpred-
nisolone 500 mg as a single intravenous dose
before reperfusion during the transplantation
procedure, then received 2 doses of intrave-
nous basiliximab 20 mg with the first dose at 6
hours after reperfusion and a second dose on
postoperative day 4. Acute rejection episodes
were diagnosed by patients’ clinical presenta-
tions, serum biochemical results, and liver
biopsy. All acute rejections were verified by liver
biopsy, and confirmed using the criteria of the
fifth Banff Consensus conference. Rejection
episodes were mainly treated with methylpred-
nisolone and increasing FK506 blood concen-
trations. Postoperative anti-hepatitis B virus
protocol included administration of lamivudine
plus low-dose intramuscular HBV immunoglob-
ulin therapy.

Prophylactic anti-infective treatment

Most patients received caspofungin intrave-
nously at 50 mg daily (after a 70-mg loading
dose of caspofungin on day 1). The daily dose
of caspofungin was reduced from 50 to 35 mg
in patients with moderate hepatic insufficiency
(defined as a Child-Pugh score of 7-9) at onset
of study therapy or during caspofungin adminis-
tration [12].

Flow cytometry

Peripheral blood mononuclear cells (PBMCs)
were isolated by Histopaque (Sigma-Aldrich,
UK) density centrifugation then separated
through a 50% percoll (Sigma-Aldrich, UK) gra-
dient (30 min at 300 g). Surface antigen expres-
sion was performed with the FC500 Flow
cytometry and analyzed by CXP software
(Beckman Coulter). Fluorochrome-conjugated
anti-human mAbs were anti-CD3-FITC clone,
anti-CD4-PE-Cy5 clone, anti-CD45RA-FITC cl-
one, anti-CD45R0O-PE clone, anti-CD25-FITC
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clone, anti-CD127-PE clone, anti-CD28-FITC
clone (Beckman Coulter). Purified PBMCs were
pelleted then resuspended in 200 uL of FACS
buffer (PBS containing 2% FCS, 2 mM EDTA,
and 0.05% NaN3), stained on ice with fluores-
cent antibodies for 30 minutes, washed with
FACS buffer and then fixed with 4% parafomal-
dehyde in PBS. Appropriate isotype control anti-
bodies were used to assess the level of specific
labelling. CD4 + CD127lo/- CD25high subpopu-
lation were defined as Treg cells. The naive and
memory T-cell subsets were analyzed by
CD45RA + andCD45R0 + respectively [13].

Bioplex

Bio-Plex human cytokine multi-plex kits and
Bio-Plex cytokine reagent kits were purchased
from Bio-Rad Laboratories, CA, USA. The super-
natants were analyzed simultaneously for 12
cytokines, including IL-1b, IL-2, IL-4, IL-6, IL-8,
IL-10, IL-12p70, IL-17, TNF-«, IFN-g, TNF-B and
GM-CSF with a Bio-Plex machine, which
employed a bead-based sandwich immunoas-
say [14]. For the detection of multiple cyto-
kines, a monoclonal antibody specific for each
cytokine was coupled to a particular set of
beads with known internal fluorescence.
Multiple cytokine antibody-coated beads were
pooled together to allow the cytokines to be
measured simultaneously. The assay was per-
formed according to the manufacturer’s instruc-
tions (Bio-Rad Laboratories) and analyzed with
the Bio-Plex manager software (version 4.0).
The sensitivity of this method was less than 10
pg/ml and the assay could accurately detect
cytokines in the range of 1-32,000 pg/ml.

Histological observation

Biopsy specimens were fixed in 10% buffered
formalin, embedded in paraffin, sectioned seri-
ally at a 4 pm thickness, and de-waxed. H&E
was performed routinely. Four-micrometer liver
sections were deparaffinized in xylene and
hydrated in graded ethanol. After deparaffiniza-
tion, rehydration, and heating in 95°C buffer,
sections were incubated with each antibody
and subsequently with Histofine Simple Stain
MAX-PO (MULTI) (Nichirei, Japan). Incubation
was performed overnight at 4°C and followed
by a wash in three changes of phosphate buff-
ered saline (PBS) for 5 min. For all staining, the
reaction product was developed with the use of
3-diaminobenzidine tetrahydrochloride and
H202. The sections were counterstained with
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Table 1. Perioperative demographic and clinical characteristics of liver transplantation with non-fun-
gal infected and fungal infected group in this study

Non-fungal infected group (NFI)

Fungal infected group (IFI)

Variables (n=123) (n = 45) P Value
Gender (male, %) 104 (84.6) 37 (82.2) 0.716
Age (yrs) 48.07 + 9.96 51.72 £+ 8.18 0.029
Weight (kg) 66.66 + 10.82 66.29 + 11.74 0.681
Creatinine (umol/L) 67.98 + 26.69 66.49 + 20.16 0.794
Albumin (g/L) 36.74 + 5.98 35.07 £ 5.67 0.108
Total bilirubin (umol/L) 7713 £ 155.5 102.8 + 167.0 0.187
Int’l normalized ratio (INR) 1.347 + 0.96 1.362 £ 0.49 0.188
Alpha-fetoprotein (AFP) (ng/mL) 1058 + 5632 227.3 +405.7 0.511
MELD score 12.38 £ 8.69 13.42 £ 7.25 0.224
Child-Pugh score 6.89 + 2.04 7.73+2.64 0.099
Cold ischemia time (h) 8.47 £2.71 9.111 £2.29 0.126
Hypertension (%) 15 (12.2) 3(6.7) 0.405
Diabetes mellitus (%) 17 (13.8) 6 (13.3) 0.935
Progressive hyperbilirubinemia 35 (28.5) 23 (51.1) 0.006
High PT, low albumin (%) 46 (37.4) 26 (57.8) 0.018
HBsAg positive (%) 22 (22.2) 10 (17.9) 0.526
Refractory ascites/Fluid retention (%) 48 (39.0) 24 (53.33) 0.097
Hepatic encephalopathy history (%) 11 (8.9) 5(11.1) 0.672
Tumor (%) 72 (58.5) 24 (53.3) 0.546
Donor ABO match (%) 105 (85.4) 41 (91.1) 0.328
Ascites (%) 0.425

None 74 (60.2) 22 (48.9)

Mild 32 (26.0) 15 (33.3)

Severe 17 (13.8) 8 (17.8)
Main reasons leading to LT (%) 0.891

Cirrhosis related to HBV 102 (82.9) 37 (82.2)

Autoimmune cirrhosis 6 (4.9) 3(6.7)

Other etiologies 15 (14.2) 5(11.1)
Pathological diagnosis 0.556

Cirrhosis 99 (80.5) 36 (80.0)

Tumor (no cirrhosis) 10 (8.1) 2(4.4)

Fulminant hepatic failure 7 (5.7) 5(11.1)

Other 7 (5.7) 2(4.4)

Meyer hematoxylin-eosin. The RAIl for each
specimen was scored according to the Banff
consensus by two independent qualified trans-
plant pathologists unaware of the clinical data
of the patients [15].

Immunohistochemical analysis

Monoclonal antibodies against CD4, Foxp3 and
IL-17 (DAKO, Glostrup, Denmark) were applied
to the above sections. Antigens were retrieved
in citrate buffer in a microwave oven and endog-
enous peroxidase activity was blocked with 3%
hydrogen peroxide. Then, sections were incu-
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bated at 4°C with primary antibodies (with a
dilution of 1:200 for CD4, 1:200 for Foxp3 and
1:100 for IL-17) overnight and the Envision™
staining (DAKO, Glostrup, Denmark) procedure
was performed. Sections with the primary anti-
body application omitted served as a negative
control. Brown granular staining was consid-
ered to be a positive signal for the IHC assay.
The positive cells were counted under light
microscope according to the previous descrip-
tion with some modifications [16]. The positive
cells in the portal tract area and lobules were
counted separately to investigate the distribu-
tion of the molecules. For each slide, the posi-
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tive cells in least 10 portal tracts and 10 high
power fields (HPF) in the lobules were counted
under the light microscope (Olympus BX51,
Japan). The average positive cells per portal
tract and per HPF in the lobules were ca-
Iculated.

Fluorescent in situ hybridization (FISH)

FISH was performed in our laboratory [17].
Sections from paraffin-embedded biopsied
liver tissues were placed on silane-coated
glass slides. The slides were deparaffinized
immediately in two rinses of 1,000 g/I xylene
for 10 min each. Each slide was rehydrated in
an ethanol series for 5 min. The slides were
then treated with 0.2 mol/I HCI for 20 min, fol-
lowed by 2 9 SSC (0.3 mol/I sodium chloride
and 0.03 mol/I sodium citrate) for 20 min at
80°C, treated with 0.05 mg/ml proteinase K in
TEN [0.05 mol/I Tris-HCI, pH 7.8, 0.01 mol/I
ethylenediamine tetraacetic acid (EDTA), and
0.01 mol/I sodium chloride] for 10 min at 37°C,
and placed in 40 g/I formaldehyde in PBS for
10 min. Both FISH probes and target DNA were
denatured simultaneously for 10 min at 90°C,
and the slides were incubated overnight at
42°C, placed in 2 9 SSC for 10 min at 42°C,
washed twice in 2 9 SSC/500 g/I formaldehyde
formamide for 5 min each at 42°C, washed 2 9
SSC for 5 min at 42°C, and counterstained in 2
9 SSC/0.03 Ig/ml 4',6-diamidino-2-phenylin-
dole (DAPI).

Statistical analysis

We performed a descriptive analysis of all vari-
ables and analyzed the qualitative variables by
absolute and relative frequencies, whereas
guantitative variables were studied with means,
standard deviations. Univariate analyses of cat-
egorical data were performed with the chi-
square test or Fisher’s exact test for variables
between two groups, and univariate analyses
of continuous data were performed with the
either the Student t test or the Wilcoxon non-
parametric test. All univariate analyses were
performed with SPS 17.013. The logistic regres-
sion method was applied in the multifactorial
analysis. All logistic and survival analysis was
performed with SAS 9.2.

Results
Characteristics of study population

A total of 177 deceased donor LT procedures
were performed between January 2010 and

2607

June 2012. Five of these patients were exclud-
ed because of retransplant, and 4 died within 1
week of transplantation. There were no split LT
procedures performed during this time period.
Thus, 168 subjects were included in the pres-
ent analysis with average age of 48.07 (SD, +
9.96) in non-fungal infected group (NFI) and
average age of 51.72 (SD, + 8.18) in fungal
infected group (IFl). Percentage of progressive
hyperbilirubinemia and high prothrombin time
test (PT) with low albumin (%) in fungal infected
group were significantly higher than in non-fun-
gal infected group (Table 1). Hepatitis B with or
without hepatocellular carcinoma was the most
common underlying liver disease. Pretransplant
fungal colonization was identified in several
patients; based on our partial collected data,
the major pathogen including fungal pathogens
which were involved in IFls and bacterial infec-
tions in this study were identified mostly as
fungi with Yeasts. Albicans (Table 2). Immu-
nosupressant therapy was used postoperation
in non-fungal infected group and fungal infect-
ed group (Table 3) while no difference was
found between these two groups. Antifungal
prophylaxis with caspofungin was used in 55
patients (50%). Other operative variables (i.e.,
operation time, blood loss) and clinical events
posttransplant (i.e., duration of initial intuba-
tion, intensive care unit [ICU] stay, reoperation,
dialysis, and rejection) were measured (data
not shown).

Association of fungal infected liver transplant
and risk of acute rejection

Twenty-six graft reject existed in non-fungal
infected group with 21.1% percentage while
three graft rejects were in fungal infected group
with 7.6%. The risk of acute rejection was sig-
nificantly decreased in fungal infected liver
transplant recipients comparing with non-fun-
gal infected group in the liver transplant recipi-
ents after surgery (Table 4). In addition, by
using multifactorial analysis with logistic
regression, we found that graft reject in fungal
infected group was also lower compared with
non-fungal infected group after surgery; mean-
while, graft reject in non-diagnosis with tumor
was lower compared with diagnosis with tumor
group after surgery, however, no difference was
found between two groups with or without dia-
betes melitus (Table 5).

T cell subset flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs)
were isolated by Histopaque density centrifuga-
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Table 2. Characteristics and sites of pathogens including fungal pathogens involved in IFls and bacte-

rial infections in this study

Pathogen Bloodstream Peritoneal/Abdominal Respiratory Other infection All
Candida species
C. albicans 1 1 12 1 15
Non-albicans 0 2 3 0
Aspergillus species 0 2 5 0 7
Bacterial infections 0 2 23 1 26

Table 3. Immunosupressant therapy postoperation between non-fungal infected group and fungal

infected group

Therapy plans Non fungal infection (n = 123)  Fungal infection (n = 45) P value
Tacrolimus + MMF* + Hormone 42 12 0.358
Tacrolimus + MMF 46 17 0.964
Tacrolimus + Hormone 5 3 0.770
Tacrolimus 100 (single use: 7) 36 (single use: 4) 0.849
Cyclosporine + MMF + Hormone 2 0 1.000
Cyclosporine + MMF 2 2 0.291
Cyclosporine + Hormone 0 1 0.268
Cyclosporine 5 (single use: 1) 5 (single use: 2) 0.180
MMF + Hormone 4 3 0.586
MMF 9 1 0.385
Rapamune or others 5 0 0.326

*MMF = Mycophenolate mofetil.

Table 4. The risk association between fungal infection and graft reject in the liver transplant recipi-

ents after surgery

Stratum Graft Reject (%) Non-Graft Reject (%) OR (95% Cl)
Non-fungal infected group (NFI) 26 (21.1) 97 (78.9) 0.267 (0.076-0.929)8
Fungal infected group (IFI) 3(6.7) 42 (93.3) -
Yeast infection 3 32 -
Aspergillus infection 0 10 -

5P = 0.028, graft reject was decreased in fungal infected group compared with non-fungal infected group after surgery.

Table 5. The risk analysis of graft reject of fungal infection, diabetes melitus and diagnosis with tu-

mor using multifactorial analysis (Logistic regression)

Variables OR Lower 95% ClI Upper 95% CI P value
Fungal infection Yes vs No 0.250 0.070 0.895 0.038
Diabetes melitus Yes vs No 5.895 0.746 46.584 0.09
Diagnosis with tumor No vs Yes 2.552 1.094 5.953 0.03"

SP = 0.03, graft reject was lower in fungal infected group compared with non-fungal infected group after surgery. “P = 0.03,
graft reject was lower in non-diagnosis with tumor compared with diagnosis with tumor group after surgery.

tion and then separated through a 50% percoll
gradient. Using the same anti-rejection scheme
(FK506 concentration) and comparing with the
non-fungal infected group, T lymphocytes CD4
+CD25highCD25127-T cells (Treg), CD4 + CD25-

2608

lowCD45RA-T (memory) cells, CD4 + CD45RA-
CD45R0O + T cells (human IL-17-producing T
cells) in fungal infected group were increased
significantly while CD4 + CD25lowCD45RA + T
cells (naive) and CTL (CD8 + CD28 +) cells had
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Non-fungal infected group (NFI )

Fungal infected group(IFI )
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Figure 1. T cell subset flow cytometry analysis of peripheral blood mononuclear cells.

significant lower level compared to non-fungal
infected group (Figure 1).

Cytokines levels and infection after liver trans-
plantation

Compared with non-fungal infected group
(@armA), IL-2, IL-6, IL-10 and GM-CSF levels were
significantly decreased in fungal infected group
(armB) after one week of liver transplantation.
However, IL-4 and IL-8 were no significant dif-
ference between these two groups. Moreover,
IL-2, IL-6, IL-10 and GM-CSF were decreased.
However, no significant difference with IL-4 and
IL-8 in serum in two infected LT recipients
(Figure 2).

Immunohistochemial analysis for liver biopsy
specimens after liver transplant

Using the same anti-rejection scheme (FK506
concentration), compared with non-fungal in-
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fected group, staining of CD4, IL-17 and Foxp3
in fungal infected group had significantly lower
density after liver transplant (Figure 3).

Fluorescent in situ hybridization (FISH) analy-
sis for liver biopsy specimens

Using the same anti-rejection scheme (FK506
concentration), compared with non-fungal
infected group, the fluorescent contrast of
counterstaining of CD4, IL-17 and Foxp3 in fun-
gal infected group had significantly lower den-
sity after liver transplant (Figure 4).

Discussion

IFl is a potentially life-threatening complication
post-LT. To understand its epidemiology and
the evolving trends in the particular locality is
beneficial for the proper prophylactic treatment
of post-LT recipients. In this retrospective anal-
ysis of our 109 liver recipients, overall, the
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Figure 2. Cytokines levels and infection after liver transplantation.

infections were bacterial in 23.9% (26/109) of
the cases, fungi in 24.8% (27/109).

Risk factors for development of IFI have been
assessed in several studies [7, 8] and consist
of three main factors: (i) poor allograft function
or primary graft failure; (ii) renal dysfunction;
and (iii) overimmunosuppression. Correspon-
dingly, our results also showed that classic risk
factors, such as a large volume of blood infu-
sion, prolonged ICU duration (catheters and
surgical drains), a high immunosuppressant
trough level, post-treatment neutrocytopenia
and hyperglycemia, as well as low CD4 + T-cell
activity were associated with IFl by univariate
analysis. Most IFIs were found to occur within
the first 2 to 4 weeks after transplantation, and
this is in agreement with previously published
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data. The one-year survival rate of subjects
with IFIs was much lower than the rate of those
without IFls [14-16].

In this study, immunological parameters were
used including T cell subsets, cytokines, com-
plement the change of fungal infection in liver
transplant patients. We selected 109 cases of
sequential liver transplant patients among bac-
terial infection, fungal infection and non-infec-
tion. And the clinical diagnosis was divided into
a stable state or infection status. Retransplant
patients from the overall analysis were exclud-
ed due to their unique anatomical consider-
ations, their existing immune impairment and
their reduced overall posttransplant survival
which likely affected the overall results.
Compared with the non-fungal control group,
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Non-fungal infected group (NFI)

Fungal infected group (IFI)

Figure 3. Immunohistochemistry analysis for liver biopsy specimens after liver transplant.

fungal infection group in patients with CD4 +
25 high T cells increased, CD4 + CD45RA-
CD45R0O + T cells (human IL-17-producing T
cells) decreased, CD4 + CD25low CD45RA +
(naive)/CD4 + CD25low CD45RA-(memory)
increased significantly. Meanwhile, cytokines,
complement and T cell subsets were correlated
to infection.

Monitoring immune function can predict the
risk of infection including T cell subsets, cyto-
kines, complement and invasive fungal infec-
tion in liver transplantation. Approximately
24.8% of patients were diagnosed with invasive
fungal infections. Compared with non-invasive
fungal infections group, the average value of T
cell subsets and cytokines in IFls were shown
as independent risk factor by Logistic regres-
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sion analysis. We concluded that the T cell sub-
sets, cytokine changes can be monitored in
patients with immune function.

CD4 cell-mediated immune responses after
transplantation rejection and infection play an
important role in the process. Therefore, deter-
mination of CD4 T lymphocyte immune function
can be used as organ allograft function moni-
toring [18, 19], depending on the patient’s
immune status and individual immunosuppres-
sive regimen, appropriate individualized pro-
gram to combat fungal infections. Since the
application of high-dose corticosteroids in liver
transplantation, postoperative CD4 T lympho-
cyte decreased significantly, then gradually
increased after 1 week. CD4 T lymphocyte and
CD4/CD8 ratio may determine fungal infection
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Figure 4. Fluorescent in situ hybridization (FISH) analysis for liver biopsy specimens after liver transplant.

and disease control as an individualized indica-
tor. It is important to have dynamic monitoring
of CD4 T lymphocyte and CD4/CDS8 ratio.
Occurrence of rejection will be existed in their
fast rising whereas if the CD4 T lymphocyte
counts remained low (< 200 x 10/L), and CD4/
CDS8 ratio < 1.0, it will have to consider reduc-
ing the dosage of immunosuppressive drugs to
prevent fungal infections. When fungal infec-
tion in liver transplant recipients sustained CD4
T lymphocyte count < 100 x 10/L, mortality will
be as high as 50%. However, the CD T lympho-
cyte count and CD4/CDS8 ratio may not fully
reflect the cellular immune function of T lym-
phocytes in this activity.

As the complexity of the human immune sys-
tem, immune regulation constitutes intricate
network, CD4 T lymphocyte immune function
may not fully reflect the immune status.
However, it is to observe the immune status of
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a window. According to T lymphocyte subsets
CD4 T lymphocyte count and quantitative
assessment of the value of ATP in liver trans-
plant recipients cellular immune function, the
individual immune regulation may be neces-
sary to develop individualized early postopera-
tive fungal infection prevention and reduce
early postoperative fungal infection for liver
transplantation, fungal infection mortality.

However, there are still limitations to our study.
First, it was a retrospective study from a single
center and it is important to know whether the
associations between low ImmuKnow ATP and
IFI identified in our study can be confirmed by
those of other centers. Second, due to the
small number of cases, we did not compare
fungal infection with CMV and other viral infec-
tions in the study, even though CMl is crucial for
both types of infection. The third limitation is
the failure to include cases of IFI not reported
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by clinicians but treated empirically without
microbiological confirmation. Consistent appli-
cation of standardized definitions and methods
to identify and to risk-stratify IFl will be required
for further investigations.

In conclusion, it is crucial to identify those indi-
vidual transplant candidates who may subse-
quently develop fungal infections. Our results
suggest that antifungal prophylaxis should be
given to high-risk LT patients, such as patients
with massive hemorrhage during operation and
with a prolonged ICU stay. In addition, the
adjustment of immunosuppression based on
the measurement of global immunity is of simi-
lar importance, and an ImmuKnow assay may
be useful in both antifungal prophylaxis and
close monitoring of immunosuppression. With
the advent of this technique, we anticipate that
an improved assessment of patients’ immune
status may well lead to better patient manage-
ment and evidence-based individualization of
treatment.

Clinicians constantly face a dilemma when
treating post-LT recipients with abnormal graft
function. Too little immunosuppression may
lead to ACR, whereas too much immunosup-
pression will increase the risk of recurrent
infection and other life-threatening complica-
tions [20].
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