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Abstract: Background: The incidence of invasive fungal infections (IFIs) after solid organ transplantation ranges
from 7-42%. Fungal infections after liver transplantation have poor outcome and high mortality rate. The prognosis
mainly depends on early treatment for IFIs. Therefore, the diagnosis needs to be prompt depending on the
documented risk factors, the duration of operative procedure, the amount of bleeding, the rejection rate and re-
transplantation. bAim of work: To determine the incidence of IFIs in liver transplant recipients and to identify
various risk factors Material/Methods: This study was performed at the Liver Transplantation Unit, Wadi El Nile
Hospital, Egypt during a 2 year period. Fifty consecutive liver transplant recipients were prospectively observed for
fungal infections, and the detection of fungal antigen in blood or sterile fluid was done by ELISA. Results: Sixteen
patients (32% of the total group) had 19 episodes of fungal infection. Candida was the causative agent in (87.5%) of
IFIs and Aspergillus accounted for (31%). Serum creatinine level, dialysis, SBP, MELD and serum bilirubin were
significant pre-transplant. risk factors. Operative time, duration of ICU stay, documented bacterial infections were
also risk factors. Conclusions: Early detection of fungal infection and prompt treatment is essential for liver
transplant recipients.
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1. Introduction:

Knowledge about common postoperative
infections is essential for improving the care of the
liver transplant recipient (1). The incidence of invasive
fungal infections (IFIs) is lower than that of bacterial
or viral infection, but (IFIs) have the highest mortality
rate (2, 3).

Among all transplant groups, liver allograft
recipients are at the highest risk of fungal infection,
with an incidence of IFI ranging from (7-42%) (4).
Candida and Aspergillus species are the most
frequently reported fungal pathogens causing infection
following liver transplantation (Apergillosis 9-34%
vs. Candidiasis 35-91%) (5).

Fungal infections in liver transplant recipients
have been associated with mortality rates between
65% to 90% for invasive Aspergillosis and 30% to
50% for invasive Candidiasis (6).

Rational for this study:

As the incidence and mortality rates of (IFIs)
after liver transplantation are high, the detection of
risk factors in each transplant Center could help the
initiation of antifungal prophylactic agents at the
appropriate time, and prevent the occurrence of (IFIs).
This might improve the prognosis for liver transplant
recipients.

Aim of the work:
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1-To determine the incidence of invasive fungal
infections (IFIs) after liver transplantation in a single
Center in Egypt.

2- To identify various risk factors for IFIs. 3-
Implement the appropriate treatment modalities to
optimize the outcome of liver transplant recipients.

2. Material and Methods:

This study was performed at the Liver
Transplantation Unit, Wadi El Nile Hospital, Cairo,
Egypt, during a 2 year period. Fifty consecutive
patients after liver transplantation were prospectively
enrolled and observed for fungal infections.

Collection of data:

Clinical and variables related to surgery were
recruited from each patient, and grouped in three
different periods. The preoperative period was
defined as the last month before liver transplantation.
During that period, the following data were collected:
age, sex, MELD score, surgical procedures within this
period, serum creatinine, total bilirubin level, co
morbid diseases as (DM, long-term obstructive
pulmonary disease), clinical evaluation of respiratory
system, type and severity of the underlying liver
disease, previous ICU stay (with/ without mechanical
ventilation), Cytomegalovirus (CMV) infection,
Dialysis, and antibiotic/ antifungal therapy for >7
days. Aspergillus or candida respiratory colonization.
in the past 6 months before transplantation were also
recorded.

Data were collected in the intraoperative
period and included urgent clinical status at the time
of transplantation, fulminate hepatic failure, re-
transplantation, number of packed red blood cells
required, and length of graft cold ischemia.

The postoperative period included the first
month after transplantation. The following variables
were collected: mechanical ventilation time, need of
dialysis, intensive care unit stay (ICU stay in days ),
re- surgical intervention in the first month, prolonged
antibiotic therapy (more than 14 days), CMV
infection, bacterial infection. fungal prophylaxis.
fungal infection.

All patients were treated with (cyclosporine or
tacrolimas) and corticosteroids after transplantation.
Methods:

1- Standard laboratory evaluation for liver
transplant recipients.

2- For the diagnosis of co-existing bacterial
infections, different specimens were incubated
aerobically on blood agar, chocolate agar and
MacConkey agar and anaerobically on blood agar for
isolation of aerobic and anaerobic bacteria for 2472
hours at 37°C. The growing organisms were identified
by conventional biochemical reactions.

3- Detection of Aspergillus and Candida
antibodies (IgG —IgM) in patient serum before and
after transplantation by ELISA.

4- Cytomegalovirus (CMV) infection was
defined by the presence of a positive CMV
polymerase chain reaction result (> 64 copies/ml white
blood cells) after transplantation.

5- Diagnosis of invasive fungal infections
(IFIs)

The diagnosis of IFIs was based on the detection
of fungus from a normally sterile site. This included:

(1) Blood cultures were taken from peripheral
veins. Blood cultures were incubated for 7 days. At the
end of the incubation (for negative samples) or at the
time of a positive signal (for positive samples), the
blood cultures were subcultured onto specific media
for fungal detection and maintained in culture at 25°C
under ordinary atmospheric conditions until the
growth of fungi was observed. In cases with no
growth, the culture was observed for 14 days and then
considered to be negative.

(2) Microscopy and culture of needle aspirates or
biopsies from normally sterile sites; (ascitic fluid,
sputum,  bile, urine, transtracheal aspirate,
endotracheal tube, pleural fluid and bronchial lavage)
on fungal media, which are Brain heart infusion agar,
Malt extract agr, Potato—dextrose agar and Sabouraud
dextrose agar.

(3) Detection of Aspergillus antigen using an
immunoenzymatic sandwich microplate assay for the
detection of Aspergillus galactomannan antigen in
adult and pediatric serum  samples and
bronchoalveolar lavage (BAL) fluid samples (The
Platelia™ Aspergillus Ag).

(4) Detection of the mannan antigen of candida
in human serum or plasma by immunoenzymatic assay
(Platelia™ Candida Ag Plus).

(5) Radiological examination by X-ray and high-
resolution CT are useful in the detection of fungal
infections. Pulmonary lesions with central cavitation,
pulmonary nodules, infiltration, and halo or air-
crescent signs are characteristic of pulmonary fungal
infections (7).

6- Definition of infections:

Fungal infection was considered a proven fungal
infection when there was a positive culture and fever
>38°C.  Probable/possible fungal infection was
diagnosed when there was a positive mannan antigen
or Aspergillus galactomanan antigen testing, and the
patient was febrile in spite of using broad-spectrum
antibiotics (8).

Platelia™ Aspergillus Ag:

The Platelia™ Aspergillus Ag is a one-stage
immunoenzymatic sandwich microplate assay which
detects galactomannan in human serum and BAL
fluid. The assay utilizes rat EBA-2 monoclonal
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antibodies  directed against the  Aspergillus
galactomannan. Positive results obtained with the
Platelia™ Aspergillus Ag should be considered in
conjunction with other diagnostic procedures such as
microbiological culture, histological examination of
biopsy samples and radiographic evidence.

Monoclonal  antibody- galactomannan -
monoclonal antibody/peroxidase complex forms in
the presence of galactomannan antigen. The
absorbance (optical density) of specimens and
controls is identified by a spectrophotometer set at
450 and 620/630 nm wave length.

Reagents:

Platelia™ Aspergillus Ag: product No. 62794 (96
Tests). Store the kit at 2-8°C. Bring all reagents to
room temperature (18-25°C) for at least 30 minutes
before use. Return all reagents to 2-8°C immediately
after use.

Specimen Collection:

The test is done on serum or BAL fluid.
I- Serum

Collect blood samples according to standard
laboratory procedures. Serum samples must be
uncontaminated with fungal spores and/or bacteria.
Transport and store samples in sealed tubes,
unexposed to air. Unopened samples can be stored at
2-8°C for up to 5 days prior to testing. After initial
opening, samples may be stored at 2-8°C for 48 hours
prior to testing. For longer storage, store the serum at -
70°C. Serum samples could be subjected to maximum
of 4 freezing / thawing cycles.

I1. BAL fluid

Collect BAL fluid samples according to standard
laboratory procedures. BAL fluid samples must be
collected in sterile saline and may be tested as is or
supernatants from centrifuged samples (10,000 rpm
for 10 min) before proceeding to treat the sample.
Transport and store samples in sealed tubes,
unexposed to air. After initial opening, samples may
be stored at 2-8°C for up to 24 hours. For longer
storage, store the BAL samples frozen (-20°C or less)
up to 5 months. BAL samples can be subjected to a
maximum of 4 freezing/ thawing cycles.
Interpretation of Results:

The presence and absence of galactomannan
antigen in the test sample is determined by calculating
an index for each patient specimen. The Index (I), is
the Optical Density (OD) value of the specimen
divided by the mean optical density of the wells
containing Cut-off Control Serum.

Interpretation of sera/BAL fluid with index < 0.50:

Sera/BAL fluid with an index < 0.50 are
considered to be negative for galactomannan antigen.
Repeat testing is recommended if the result is
negative, but the disease is suspected.

Interpretation of sera /BAL fluid with an index >
0.50

Sera /BAL fluid with an index > 0.50 are
considered to be positive for galactomannan antigen.
For all positive patients, it is recommended that a new
aliquot of the same sample (serum/BAL) be repeated.
Platelia™ Candida Ag Plus Detection Of The
Mannan Antigen Of Candida In Human Serum Or
Plasma By Immunoenzymatic Assay:

Platelia™  Candida Ag Plus is an
immunoenzymatic sandwich microplate assay for the
detection of the circulating mannan Candida antigen
in human serum or plasma. Platelia™ Candida Ag
Plus (code 62784) was used. Mannan is a
polysaccharide non-covalently bound to the yeast cell-
wall and represents more than 7% of the dry weight of
C. albicans. 1t is found to be one of the main
biomarkers for the diagnosis of invasive candidiasis.
Principle of the Procedure:

Platelia™ Candida Ag Plus is a one-stage
immunoenzymatic  sandwich microplate  assay,
allowing the detection of the circulating mannan
Candida antigen in human serum or plasma. The assay
uses the rat monoclonal antibody (MAb), EBCA-1.

The EBCA1 MAD is used to:

e Coat the microplate wells and bind the
mannan antigen.

e Detection of the antigen bound to sensitized
microplate (conjugate reagent: peroxidase labelled
MAD).

e Serum or plasma samples are heat-treated in
the presence of EDTA in order to dissociate the
immune complexes which could possibly interfere
with the immunoassay reaction. The treated samples
of serum or plasma and the conjugate are added to the
wells of the microplate coated with the anti-mannan
monoclonal antibody.

e The absorbance (optical density) of human
samples and calibrator is determined with a
spectrophotometer at 450/620 nm wave length.
Interpretation of the results:

e Samples with concentrations less than 62.5
pg/mL (C < 62.5) are considered to be «negative» for
mannan antigen.

e Samples with concentrations between 62.5
and 125 pg/mL (62.5 < C < 125) are considered to be
«intermediate» for mannan antigen.

e Samples with concentrations that are equal or
greater than 125 pg/mL (C > 125) are considered to be
«positive» for mannan antigen.

Statistical analysis:

Patients with and without post-transplantation
IFIs were compared as follows: Continuous variables
(age, bilirubin and serum creatinine levels, duration of
ICU stay, MELD, etc.) were expressed as the mean =+
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standard deviation (SD) and compared using the
Student's #-test. Categorical variables data (underlying
liver disease, presence or absence of CMV, dialysis,
antibiotic use, etc.) were compared using the Chi-
square test of Fisher's exact probability test.
Differences were considered significant if the P value
was less than 0.05.

3. Results:

This prospective study included 50 liver
transplant patients (38 male and 12 females). They
were classified into adults (> 18 years) and pediatric
age group (<18 years). The mean age of the adult
group was 54.5+8.5 years (range: 23 — 70). The mean

age of the pediatric group was 4.3+£2.5 years (range: 2-
10).

The incidence of invasive fungal infection was seen
in (figure 1).

Sixteen patients out of 50 (32%) developed
invasive fungal infections. Those 16 patients had 19
episodes of fungal infection, including three patients
with two fungal infections. Ten male patients had 12
fungal infection episodes (eight episodes of Candida
and four Aspergillus) and 6 female patients had 7
fungal infection episodes (six episodes of Candida and
one Aspergillus). There was no significant difference
between male and female patients regarding the
incidence of IFIs (Table 1).

Table (1): Invasive fungal infections in liver transplant recipients

Variable All patients (N= 50) | Male patients (N= 38) | Female patients (N= 12)
No. with fungal infections (%) 16 (32%) 10(26%) 6(50%)

Episodes of fungal infection per patient | 19/50 (38%) 12/38(31.6%) 7/12 (58%)

Deaths, all causes. 3/50(6%) 3/38 (7.9%) 0/12(0%)

P value: 0.162 not significant.

non IFls
68%

IFls

IFls

32%

Figure (1): Incidence of invasive fungal infections (IFIs) after liver transplantation

Table (2): Invasive fungal infection in adult & pediatric age groups

Variable All (N=50) |Group 1 (Adults) (N=42) | Group 2 (Pediatrics) (N=8)
No. with fungal infections (%) 16(32%) 10(24%) 6(75%)

Episodes of fungal infection per patient | 19/50 (38%) | 12/42(28.6%) 7/8(87.5%)

Deaths, all causes 3/50 (6%) |3/42 (7.1%) 0/8(0%)

P value: 0.009 (very significant).

Table (3): Types of invasive fungal infections (IFIs) and mean time of onset after liver transplantation

IFIs type No. =16 Percentage Mean time of onset of fungus infection
Aspergillosis 5/16 31 % 105 days
Candidiasis 14/16 87.5% 41.7 days

Of the 16 patients diagnosed invasive fungal
infection by positive Aspergillus & Candida
galactomanan, only 6 were diagnosed by routine
fungal culture, two had positive yeast fungus in
sputum and ascetic fluid culture, one had Aspergillus
fumigatus in sputum, two had Candida albicans in

10

sputum & urine and one had Aspergillus Niger in
sputum.

Of all fungal infection episodes, 79% (15/19)
occurred in the first month after transplant, and 21%
occurred after the first month. Among the Candidal
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infections 12/ 14 and among the Aspergillus infections
3/5 were detected four weeks after transplantation.

As regards the age, table (2) shows the
comparison between adult and pediatric age in getting
fungal infections after transplantation. Six children of
eight (75%) got seven episodes of infections (six
Candida infections and one Aspergillus). Ten adults
out of 42 (24%) got 12 episodes of fungal infections
(eight episodes of Candida and four Aspergillus).
There was a significant correlation between age and
IFIs (P value =0.009).

Candida was the causative agent in (87.5%) of
IFIs and Aspergillus accounted for (31%). Fourteen
episodes of Candida and five episodes of Aspergillus
were reported in the current study. Candida isolated

was Candida albicans and Apergilus were fumigatus
and niger (Table 3).

The relation between fungal infection and
underlying liver disease was shown in table (4), where
all patients with primary biliary atresia developed
fungal infections, the four patients got five episodes of
fungal infections (p= 0.007). Six patients out of 25
with HCV (24%) got seven episodes of fungal
infection, 4/14 of HCC patients (29%) developed five
episodes, as regards cryptogenic cause, no patient got
infection and two of “other” causes /3 (66.7%) got
fungal infection, and this indicates significant
correlation between the underlying cause of liver
cirrhosis and risk of fungus infection (P= 0.012)
(Table 4).

Table (4): Relationship of invasive fungal infections (IFIs) to pre-transplant liver pathology

Diagnosis Number/percentage Ful}gal episodes  per .Percefltage of patients with fungal
patient infections

Post-hepatitis C 25/50(50%) 7/25 (28%) 6/25 (24%)

HCC 14/50(28%) 5/14(35.7%) 4/14 (28.6%)

Cryptogenic cirrhosis 4/50(8%) 0/4(0%) 0/4 (0%)

Extrahepatlc billiary atresia 4/50(8%) 5/4(125%) 4/4 (100%)

Other causes 3/50(6%) 2/3(66.7%) 2/3 (66.7%)

Total 50 19/50 (38%) 16/50 (32%)

* Extrahepatic biliary atresia patients compared with all other patients (p<0.007).
9 one patient with primary hyperoxaluria, one patient had Grigler Najjar syndrome and one patient had fulminant hepatitis.

Table (5): Comparison of pre-transplantation, operative and post-transplantation variables in patients with

and without IFIs following liver transplantation.

Variable :’;t;e;lg with fungal infection :’;t;e;g without fungal infection P. Value
Sex

- Male 10(62.5%) 28 (82.4%) 0.16

- Female 6(37.5%) 6(17.6%)

MELD and PELD score 17.7+9.3 12+ 6.1 0.012*
SBP 531 %) 2(5.9%) 0.02 *
Mean value of serum creatinine 1.7+ 2.13 1.0+ 0.36 0.04*
Mean value of Serum bilirubin 11.0£12 4.3+5.9 0.011*
CMV infection 1 (6%) 4 (12%) 0.2
Asp. & Cand. Colonization in past 6 months |7 (43.8%) 10 (29.4%) 0.3
Dialysis 3 (18.8%) 0(0%) 0.02*
Long-term obstructive. pulmonary disease 0(0%) 2 (6%) 1
Serum Albumin (g/dL, mean value + SD) 3.0+0.8 3.0+0.6 0.9
Neutrophils (x 10° /L, mean value + SD) 3.8+1.9 3.1+2.4 0.3
ALT 91+101.8 90+285.3 0.9
Operation time in hours, (mean value+SD) [13.1h 8.1h 0.02*
No. of units of packed RBCs transfused 9.0£9.7 6+5.4 0.18
Other organ transplantation 3 (19%) 0(0%) 0.02*
Days in ICU (mean + SD) 8+6 5+4 0.04*
CMV infection 2 (12.5%) 1 (3%) 0.23
Bacterial infection 14 (87.5%) 18 (53%) 0.03*
Immunosuppression

Tacrolimus 11 (69%) 18 (53%) 0.36
Cyclosporin 5 (31%) 16 (47%) 0.36

Note: *Significant (P value <0.05)
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Risk factors for IFIs are shown in table (5). As
regards pre-transplantation variables, serum creatinine
level, dialysis, SBP, MELD and serum bilirubin were
significant risk factors (p value <0.05 for each).

Regarding operative variables, the mean value of
operative time in hours was significantly longer in
those who had invasive fungal infections when
compared to those without (13.1 versus 8.1). No
association between blood transfusion and IFIs could
be found in our results. The mean duration of ICU stay
(in days) after transplantation surgery was
significantly longer in the group of patients who
developed IFIs compared to those who did not (8
versus 5) (P = 0.04). Of the 16 patients with fungal
infections, 14 (87.5%) had one or more documented
bacterial infections. Of the 34 patients without fungal
infection, 18 (53%) had bacterial infections (P=0.026).

Among the bacterial infections, the most frequent
organism was ESBL (Extended spectrum beta-
lactamase) in 44%. The second most common isolated
organism was E.coli followed by Pseudomonas,
Klebsiella. Acinetobacter baumannii and Alpha
haemolytic streptococci. The common sites of
pathogen isolation were blood, bile, urine and sputum.

Regarding Immunosuppression, 11/16 who
acquired IFIs after transplantation received tacrolimas
and 5/16 received cyclosporine. There was no
significant difference between two groups regarding
incidence of IFIs (P=0.3).

Mortality rate:

Three out of total 50 patients (6%) died during
the follow-up period. There was no significance
difference in the mortality rate between those with
IFIs (2/16, 12.5%) and those without (1/ 34, 2.9%) (P
= 0.2). One patient with Aspergillus infection died.
One patient with Candida infection died.

4. Discussion:

Despite the advances in surgical techniques
which reduce the intra-operative requirements of
blood and surgical time in recent years, the incidence
of IFI still ranges from 5% to 20% (9, 10). The use of
immunosuppressants decreases the host immunity,
making recipients more susceptible to viral and fungal
infections, and increases the death rate, after OLT (10,
11).

In the current study, IFIs were observed in 32%
of liver transplant recipients, 58% of them was
receiving tacrolimas and 42 % receiving cyclosporine
as an immunosppressive agent. Invasive Candidiasis
was reported in 87.5 % and Aspergillosis was reported
in 31% in the current study. Charles et al. (12) showed
(42%) IFIs in 62 liver transplant recipients. This is not
different from our findings (16/50 or 32%) but if
compared to the figures reported from a study at the
University of Rochester Medical Center (17.7%). (13),

12

which lower than our study. This lower incidence may
be attributed to the use of fluconazole as antifungal
prophylaxis after transplantation. However, in our
study, the recipients did not receive antifungal
prophylaxis.

Raghuram et al. (13) claimed that Candida
infections predominated and accounted for 47 of the
58 IFIs (81%), this is also proved in the current study
(87.5 %), as well as, in the study done by Silveira and
Husain (5). Similarly, Marzaban et al (14) in Egypt
demonstrated that Candida was the most common
fungal infection (17/23 patients; 73.9%). In contrast
to Candida, Aspergillus, is not an endogenous
organism and is probably acquired from the physical
environment. In the present study, Aspergillus was the
second most common fungal infection (31%), which
was similar to other reports like Shi et al. (15) (32.4%)
and Marzaban et al (14) (6/23; 26.1%). However, it
was higher than that of Fortun‘s et al. (16) (1-9.2%) of
liver transplant recipients.

Three out of total 50 patients (6%) died during
the follow-up period in the current study. This is an
improvement in survival over that seen in the past
studies. This is may be due to early diagnosis and the
earlier recognition of the high-risk patient. In the
current study, there was no significance difference in
the mortality rate between those with IFIs (2/16,
12.5%) and those without (1/ 34, 2.9%) (P = 0.2).
Similary, Marzaban et al (14) reported that the
mortality was not significantly different between those
with fungal infection (5/ 23; 21.7%,) and those
without (21/117; 17.9%) (p=0.8).

Utsumi et al. (17) diagnosed 15/ 153 patients
(9.8%) as IFIs with Candida spp. (n = 10), and
Aspergillus spp. (n = 4). Of those patients with IFIs, 7
patients (46.7%) died despite treatment.

Many studies have detected a number of risk
factors associated with IFIs after liver transplantation.
Dialysis, rejection treatment, cytomegalovirus (CMV)
viremia or disease, acute hepatic insufficiency, early
graft failure, increased the operation time,
retransplantation, prolonged preoperative
hospitalization, preoperative use of antibiotics, intra-
operative infusions of blood products, fungal
colonization, and re-exploration after transplantation
(18-20). Our work documented that an elevated serum
creatinine level and requirement of dialysis were
significant risk factors for IFIs. Renal dysfunction is
prone to secrete more Th2 cytokines and enhance
susceptibility to all kinds of infections, including
fungal infection in liver recipients (21).

The patients who developed a fungal infection
were more likely to have received antibiotics in the 2
weeks before transplantation. We concluded that
preoperative antibiotic therapy does predispose to
subsequent fungal infection. In contrast to previous
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report (22). However, our result did not validate blood
products during surgery as a risk factor for IFIs after
LT. longer operative time was a risk factor in the
present study. Longer operative time may reflect
technical problems at surgery and results in longer
exposure of the operative field to the environment.

Multivariate analysis indicate that MELD score
of 23-30 or more than 30 associated with a 2.1-fold or
3.1-fold increase in relative risk of IFIs, so the liver
transplant patients with MELD score >20 are
candidates for antifugal prophylaxis (23). This is also
proved in the current study.

With the development of new diagnostic tools to
detect fungal components, such as fungal antigens and
fungal nucleic acids, which sometimes are the only
diagnostic tools for IFIs (24, 25), it is becoming
necessary to use these tools in the current study. In
patients with IFIs, the ELISA test usually gives
positive results before the clinical symptoms and signs
become detectable (26). In this study, Aspergillus was
mostly detected in blood. Only 2 patients had
Aspergillus in sputum, confirmed by CT chest. This
was contrary to several previous studies that stated
pulmonary infection was the most common
Aspergillus clinical presentation (90%) (27), and that
the lungs are the definite or probable primary site of
invasive Aspergillosis in most patients (28).

Conclusion:

Our preliminary data emphasize the importance
of galactomanan antigen assay in the early diagnosis
of IFIs. The optimal management of fungal infection
depend on early detection of the causative agent. The
present study recommended that the combined use of
culture, GM ELISA resulted in an ecarlier and more
definite diagnosis of IFIs. Antifungal prophylaxis
should be given to high-risk liver transplant patients,
such as patients with pre-transplant high MELD score,
those with renal failure or prolonged ICU stay.
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