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Invasive Fungal Infections after Renal Transplantation
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ABSTRACT

Background: Invasive fungal infection (IFI) is a leading cause of infection-related mortality among kidney
allograft recipients.

Objective: To estimate the incidence and etiology of systemic fungal infection in renal allograft recipients
in Sydney transplant facility.

Methods: 471 Kkidney recipients, transplanted between 2000 and 2010 at the Westmead Hospital renal
transplantation center, Sydney, Australia, were retrospectively surveyed.

Results: IFI developed in 10 (2.1%) of 471 patients. With a mean+SD new kidney transplants per year of
42.9+13, the mean+SD incidence of IFI was 0.9+0.6 for each year of transplantation. 4 patients had re-
ceived kidneys from living donors and 7 from cadavers with a mean+SD age of 50.5+14 years. The mean
time to IFI was 33 months after transplantation with majority within the first 2 years. Cryptococcus neo-
formans was responsible for 50% of episodes (n=5) followed by Aspergillus fumigatus (n=3), and Pseu-
dallescheria boydii (n=3); there was a single case of mucurmycosis. Lungs (n=5) followed by meninges
(n=4) and skin (n=3) were the most commonly involved sites.

Conclusion: IFI remains a major concern in renal transplantation. A high index of suspicion is required for
early diagnosis and treatment to reduce the mortality. In this regard, appropriate diagnostic tests are
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necessary, particularly for C. neoformans.
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INTRODUCTION
Since kidney transplantation was first in-

troduced, the lives of thousands of people

with end-stage renal failure have been
substantially prolonged. Breakthroughs in
the field of immunosuppressive therapy have
led to the improved survival of the grafts and
the recipients. Inevitably, the incidence of op-
portunistic infections has increased as a con-
sequence of this immune suppression. Other
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than bacterial and viral pathogens, fungi have
had a major contribution to the high mortality
and morbidity rate of opportunistic infections
among kidney transplant recipients [1,2].

Among patients with solid organ transplan-
tation, recipients of kidney transplants have
been associated with the lowest rate of inva-
sive fungal infection (IFI) (1%-14%) [1,3-5].
Since the incidence is apparently low, there are
tew reports of the epidemiology of IFI in this
group of patients. Suppression of the immune
system, particularly within one to six months
after transplantation, results not only in in-
creased propensity to fungal infections but
also may mask the presentation of these infec-
tions which leads to delay in diagnosis [1,6].
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Therefore, determining the risk factors, epide-
miology and clinical manifestations as well as
identifying the best diagnostic approaches and
treatment plans are essential to inform appro-
priate management to minimize morbidity.

In this study we report on our experience of
IFT in kidney transplant recipients at a large
transplant centre in Sydney, Australia, from
2000 to 2010.

MATERIAL AND METHODS

We retrospectively reviewed the medical re-
cords and drug charts of 471 renal transplant
recipients who were transplanted at Westmead
Hospital, Sydney, Australia, from January
2000 to December 2010 for evidence of ITFI. Of
471 recipients, 253 (53.7%) had received kid-
ney from living donors and 219 (46.3%) from
cadavers.

Clinical data collected included age, gender,
donor (living or cadaver), age at transplanta-
tion and primary disease (Table 1). In addition,
we gathered information on changes in immu-
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nosuppressant medications during infection
and any rejection episodes and relevant treat-
ment occurred prior to the infection.

In terms of fungal infection, we collected data
for type of the isolated fungus and its species,
timing after transplantation, clinical presen-
tation, the organs involved (site of infection),
all relevant microbiological and histological
test results, imaging results, antifungal treat-
ments and other management as well as fol-
low-up and prognosis. We also looked for any
concurrent viral and bacterial infections.

Diagnosis of IFI was confirmed by a positive
culture (tissue, blood, CSF and aspirated tlu-
ids), detection of antigens in blood and CSF,
and direct histopathologic evaluation of tissue
specimens (Table 2). Chest X-ray, tomography,
brain CT and MRI-scans were done based on
the signs and symptoms, to detect organ in-
volvement and assess complications as well as
the response to the treatment. Infections were
classified as “definite” and “probable” IFI ac-
cording to previously determined criteria [7].
According to our protocol, nystatin 4 mL/

Table 1: Features of 10 kidney allograft recipients with invasive fungal infection

Patient Date of

No. Age/Sex Transplantation Donor

1 26/F 2004 Living related
2 51/F 2006 Deceased

3 GI/F 2004 }F‘lvl‘gf d‘;“rdated
4 58/M 2001 Deceased

5 27M 2000 Living related
6 72/M 2009 DCD

7 41/F 2008 Deceased

8 46/F 2001 Deceased

9 55/'M 2007 Living related
10 68/M 2010 Deceased

Upderlying Immunosuppression
Disease

Diabetes mellitus T,A, P
UNK T, M, P
ADPKD C, M, P
IgA nephropathy M, S, P
Glomerulonephritis C, M, P
IgA nephropathy T, M, P
Dysplastic kidneys C,M, P
Diabetes mellitus C AP
Diabetes mellitus T,L, P
Glomerulonephritis T,M,P

F: Female; M: Male; DCD: Donation after cardiac death; ADPKD: Autosomal dominant polycystic kidne%disease; T: Tacrolimus; C: Cyclo-

sporine; M: Mycophenolate mofetil; A: Azathioprine; P: Prednisolone; S: Sirolimus; L: Leflunomide; UN

Unknown
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Int ] Org Transplant Med 2012; Vol. 3 (1)



UOTSSTUIY

uondIejul
[°404 JO pa1(Q

UOISSTUIY]

UOTSSTUIY
d[qe[reArtn

eep dn-moqoq

191e] s1sdas jo
POIP ‘UOISSTIIa Y

UOISSTUINY
UOISSTUIY]
UOISSTUINY
G pPa1a
£
e
@ [onbas spiSuruouw
i [2920001dA1D
(a4
=3 JO pPara
S
@
O UOISSTUY
wn
IS
©
o)
|® QUM ()
©
B
©
N
N
L
wn

J[OZBUOILIO A

d[oZeuodLIoA ‘ursunjodsen)

J[OZBUOILIO A

a[ozeuodesod ‘¢ oydure-1

d[qerearun BIR([

d[ozeuodLIoA ‘ursunjodsen)

S[ozeuodN[J
‘Quisojsony-¢ ‘g oydure-
d[ozeuodn[j
‘Qurisojson(y-¢ ‘g oydure-
d[ozeuodN[y
‘Quisojson(j-¢ ‘g oydure-
d[ozeuodn||
‘Qursojson(y-¢ ‘g oydure-

orozeuodesod ‘ursunjodsed
910ZrUO0DLIOA ‘] oydure-]

d[ozeuodn[j
‘1 oydure ewosodry

jusunealJ,

0)/2nssn snuig
D/unS

AImmo

anssy + uoneadse
$$9DSqR JO UMY
uonedse jo smyny

Asdorq anssi,

Ieaws TyVeg

O/VNI 159UD

O/1vd ‘udsnue
ASD X poorg

D/dSO

UDd Poolq ‘D/1vd

O/ 4SO

D)/ss0sqe Sun'y

U\@Smm.ﬂ Isou rouut

“UOd Poolq D/1vd

ampadoad
Jnsouser(]

SYIuOW g 10§ 9Ydepedf|
SO[NPOU UWLILIIOJ Y|

sypuow g 10§
ured yorq N uIo[ [RIARIY

sIa8ury

uo soysnd g sopou unyg
spIsnuig

sypuowt

0 10J 4Snod AIp JuaNIULIIU]
[[eM 189D pue ponng

391 9 uo sompou ssajured
srdnmuu jo stpuowr @
sypuowt ¢ 10§

I9A9) puR YySnod sANdONpPOL]
suntuoa

/BISNBU OUDRPRIY “IIA]

onewo)dwAsy

uonepumqo
“ersfeAw ‘oyoepesy

[[SN0D 19A3J ‘OUIRPRIL]

ASrey)o ‘ured
onLMAd “19AdJ ‘Oudepes |

uonejuasalg

piny [eurdsoiqord) 4SO 2amn) 1) ‘oSeAe] JejodA[eoydUOId TV

snuarg

unyg

RLIOY
‘Quidg

WAL
snurg

sun

1891

XUTUI A
‘Sunry

XUTULJA!

suny

XUTULJA!

suny

unyg
XUTUIAI
‘sun

ong

‘dds wnprgorasxy
wnudoside g

wmnudsorde g

wnurdsorde
wnrLodsopang

-dds 1oonpy
snpesiuny y

smesiuny
snpsdsy

SULULIOJOaU 1)

SUEULIOJOaU 1)

SUEULIOJOaU 1)

SUeuLIOjoaUu 1)

uaysy

RAI0)TRSOIN]

SURULIOJOIU
SN200501dA1D)

wsoyreJ

£l

LT

88

1

14

V1

(sypuou)
Juepdsuelr,
I9)je Surr ),

1/01

/8

1/L

1/9

%9

%44

/8

1/6

6/1

/1

*ON dposidiyy
JACINELELLN |

sjuaidioas Asuppy auj ul suopdsjul [eBuny SAISBAUI JO Sainjea 7 dIqel,

www.ijotm.com

Int ] Org Transplant Med 2012; Vol. 3 (1)

20



day for one month and trimethoprim-sulpha-
methoxazole (80/400 mg/day) for at least six
months were used as prophylaxis in all kidney
recipients.

RESULTS

Demographics and incidence

Diagnosis of IFI was made in 10 (2.1%, 95%
CIL: 0.8%—3.4%) of 471 renal transplant re-
cipients. With a mean=SD new kidney trans-
plants per year of 42.9%+13, the mean®SD
incidence of IFI was 0.91+0.6 for each year of
transplantation. All patients had proven fun-
gal infection [77]. There were five women and
tive men involved. The mean£SD age of stud-
ied patients was 50.5%14 (range: 26—72) years,
with six (60%) over 50 and two (20%) less than
30 years. Four of the patients had received al-
lograft from living donors and seven from ca-
daver (Table 1). All studied patients have been
transplanted in our center.

Patient characteristics and predisposing factors

The mean+SD time to diagnosis of IFI was
83.1£35 months (range: 5 m to 10 y) after
transplantation, mostly within first two years
(n=7) (Table 2). Of nine patients with known
HILLA status, six had more than three mis-
matches with the donors. Evidence of intersti-
tial fibrosis/tubular atrophy associated with
abnormal serum creatinine was present in four
patients. Worsening of allograft function oc-
curred in three patients during treatment of
tungal infection. No significant abnormality
was seen in serum electrolytes. Of 10 patients
with IFI, eight were on triple immunosuppres-
sive therapy with calcineurin inhibitor (4 ta-
crolimus and 4 cyclosporine), antimetabolites
(2 azathioprine, others mycophenolate) and
prednisolone. Of the remaining two patients,
one was on sirolimus, mycophenolate and
prednisolone, the other one received tacro-
limus, leflunomide and prednisolone (for BK
nephropathy) (Table 2).

Antimetabolites were discontinued or reduced
in six patients due to severity of the disease.
Rejection occurred in five cases within the
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preceding year of the fungal infection, two
of them with two episodes of rejection, one of
which required OKT3 for vascular rejection.
Three pulses of 500 mg methylprednisolone
was given to all clinically significant rejec-
tions.

Patients’ files and charts were also reviewed
for any concurrent viral infection. No CMV
infection had been reported. There was just a
case of BK associated nephropathy at the same
time with fungal infection.

Etiology of IFI

There were 12 episodes of IFI in 10 patients
with two patients experiencing two separate
episodes, 7 and 11 months apart, respectively.
The most common IFI was cryptococcosis
(n=5) followed by invasive aspergillosis (n=3),
scedosporiosis (n=3), and a single cases of
mucurmycosis. More than one organ was in-
volved in four of 12 IFI episodes; lung (n=5),
meninges (n=4) followed by skin (n=3), sinus
(n=2), spine (n=1) and aorta (n=1) (Table 2)
were the most common sites of involvement.
Some patients had non-specific symptoms
for up to three months prior to diagnosis. In
a case of cryptococcosis, no symptoms were
reported and the suspicion was based on ab-
normal chest X-ray findings. In patients with
lung involvement, the most frequent abnor-
malities were nodules and cavities, in contrast
to meningitis with no specitic abnormalities in
nearly all cases. Headache was the most com-
mon complaint in meningitis associated with
tever in most cases.

Cryptococcus neoformans was isolated in five
patients, two with meningitis, one with lung
involvement and another two cases with si-
multaneous meningitis and lung involvement
(Table 2). Diagnosis of cryptococcosis was
made by culture of CSF and/or bronchoalveo-
lar lavage (BAL) or lung abscess fluid and by
cryptococcal antigen detection in CSF and in
serum. The patients were commenced on com-
bined amphotericin B (liposomal) and 5-flucy-
tosine for at least six weeks and thereafter on
oral fluconazole. One patient with cryptococ-
cal meningitis developed a lung and cerebral
abscess caused by Neosartorya fischeri seven

www.ijotm.com
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months later. Due to slow response to treat-
ment, lobectomy was done. Unfortunately, at-
ter operation, repeated tonic-clonic seizures
ensued, resulting in death.

Aspergillosis fumigatus infection was reported
in two patients—one with lung parenchymal
involvement, and the other with chest wall ab-
scess. Diagnosis was made by recovery of the
organism from BAL and abscess, respectively.

Mucurmycosis was found in one patient who
had presented with symptoms of sinusitis and
mucosal thickening of maxillary sinuses. Ini-
tially, she had been treated as bacterial sinus-
itis. The fungus was revealed on histopathol-
ogy of the mucosal biopsy.

Skin nodules and pustules on extremities were
the main presentations in the two patients
with Pseudallescheria boydir/Scedosporium ap-
tospermum infection, diagnosed by culture of
the fluid aspirated from the pustules (Table 2).
The following year, one of the patients (patient
no. 9) presented with bilateral back pain of six
months duration. Osteomyelitis of the lumbar
vertebra with abscess formation followed by
aneurysmal dilation of abdominal aorta due to
Scedosporium aortitis [8]. The other patient
had 8. apiospermum grown from skin nodules
and also suffered from invasive sinusitis in-
volving the frontal, mastoid bone and ethmoid
sinuses caused by Exserohilum spp. (Table 2).

Treatment

For treatment of cryptococcosis, the patients
were commenced on combined amphotericin B
(liposomal) and 5-flucytosine for at two to six
weeks and then on oral fluconazole (Table 2).
The time for cryptococcal antigen to become
negative ranged from three months to as long
as three and a half years.

Voriconazole, caspotfungin, liposomal ampho-
tericin B and posaconazole, either as single
agents or in combination, were used to treat
invasive aspergillosis. Voriconazole was also
the main antifungal agent used in the treat-
ment of scedosporiosis which was combined
with caspofungin in patient no. 9 (Table 2). In
the patient with mucurmycosis, liposomal am-
photericin B was started but was switched to

posaconazole after eight days due to a rise in
serum creatinine.

DISCUSSION

Over recent years, with introducing new im-
munosuppressive strategies, graft survival of
kidney transplant recipients has significantly
improved but inevitably has led opportunis-
tic pathogens to play a major role in the high
mortality of infections in these patients [57].
The variable reported incidence of fungal
infections can be explained by interaction
between environmental factors, state of im-
munosuppression and the availability of diag-
nostic measures.

The earliest studies reported significantly
high incidence of fungal infections of about
45% in kidney recipients [97]. Later reports
showed declining rates with the lowest inci-
dence of 1.5% [[10,11].

Environmental factors including hygiene sta-
tus and sanitary conditions have resulted in
higher rates of fungal infections in developing
countries, while it is believed that these rates
could be higher in the absence of appropriate
diagnostic measures in these countries [9].
The etiology of IFI may also differ between
developed and developing countries. For ex-
ample, cryptococcosis is more common in the
studies from developed countries [10,12] in
contrast to developing countries where this in-
tection is rare [1,3,4]. Our reported incidence
of 2.3% is consistent with the western coun-
tries’” studies but this rate is still an area of
concern. Despite the good hygiene conditions
in Australia, using more potent immunosup-
pressive drugs, tacrolimus and mycophenolate
instead of cyclosporine and azathioprine, could
result in the persistence of fungal infections.
On the other hand, thanks to applying appro-
priate diagnostic investigations, infections are
detected and then treated earlier.

Older age, diabetes mellitus, CMV infection,
allograft dysfunction and treatment of rejec-
tion have been reported as predisposing factors
tor IFI [1,8,4]. Although 63% of our patients
were above 50, IFI occurred in two patients
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less than 30 years old. Diabetes mellitus was
detected as the underlying disease in four pa-
tients. None of the fungal infections was asso-
ciated with CMV infection in our report; it is
likely due to appropriate prophylactic regimen
of 8 to 12 months.

While nearly half of our cases comprised
cryptococcosis, death occurred in four pa-
tients which is lower than reported mortality
of 50% to 75% in other studies [1,3,4]. None
of the deaths was in the acute phase of infec-
tion and all were due to the late complications
of the infection (Table 2). Using appropriate
anti-fungal agents such as liposomal ampho-
tericin, flucytosine, caspofungin and voricon-
azole along with close and careful follow-up
and long-term oral fluconazole, particularly in
patients with cryptococcosis, have resulted in
lower mortality rate.

Invasive candidiasis has been reported as the
most common IFT in the vast majority of epi-
demiological reports [4,12,187]. Administra-
tion of oral nystatin, as prophylaxis, for at
least three months and universal prophylaxis
of CMV infection, which is associated with
candidiasis [47], could explain the lack of can-
didemia or other forms of invasive candidiasis
in our study.

P. boydii/S. apiospermum is a fungus found in
water and soil [14]. Typical manifestations
include skin/subcutaneous involvement, brain
abscess and lung disease. Systemic infection
Is rare in an immunocompetent host but may
occur in organ transplant patients affecting
the sinuses, lungs, bones and central nervous
system [14-16]. The patients described herein
tirst presented with skin nodules and pustules,
with late complications of bone and aortic an-
eurysm seen in one of them. The genus Scedo-
sporium has two clinically important species:
Scedosporium — aprospermum  (Pseudallescheria
boydir) and S. prolificans. S. prolificansis is more
virulent than S. apiospermum and associated
with more fungemia and higher mortality rate
in solid organ transplant recipients [17]. The
recommended treatment is voriconazole [187].

Mucurmycosis has been reported as a less
common cause of [FI in renal transplantation.
There is just one study from Iran in which it is
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the most common form of IFI [37].

Cryptococcosis is a fungus more common-
ly reported in kidney transplant recipients
other than other solid organ recipients [12].
In contrast to some previous reports, it was
the most commonly observed IFI in our sur-
vey. Distinct geographic regions may be as-
sociated with greater risk for cryptococcosis
although the infection is most closely associ-
ated with underlying host risk factors such
as HIV/AIDS and immune suppression from
organ transplantation. Infection has also been
epidemiologically associated with exposure
to pigeon guano and eucalypt trees, although
links to human infection remain circumstan-
tial [19]. Although it is widely accepted as
a reactivation of a latent infection, there are
some studies about the primary origin of the
cryptococcosis in transplant recipients [20-
227. With unknown reasons, it has been rarely
seen within the six months of transplantation
[,127. Similar to our findings, Cryptococcal
meningitis usually presents with headache, fe-
ver and nausea/vomiting with unremarkable
brain imaging results [19]. As we have also
found, pulmonary involvement usually mani-
fests with non-specific symptoms and even as-
ymptomatic radiologic findings [237]. Papular,
nodular and ulcerative lesions are manifesta-
tions of cutaneous cryptococcosis [24]. Al-
though cutaneous lesions can be primaryj, it is
important to know that disseminated crypto-
coccosis may present initially as skin lesions;
therefore, early biopsy of skin lesions is recom-
mended [4,22]. It has been shown that crypto-
coccosis is more likely to present as cutaneous
infection than central nervous system involve-
ment in patients who are on calcineurin inhibi-
tors [257. Culture, direct microscopic exami-
nation and detection of antigen are the ways
to diagnosis [2]. In meningitis, the sensitivity
of India ink test is 50%—80% and antigen over
90%—100% and it is essential to know that
antigenemia could be undetectable in isolated
pulmonary involvement [2,24]. The treatment
of invasive central nervous system cryptococ-
cosis is induction therapy with amphotericin B
together with flucytosine for at least 14 days,
followed by oral fluconazole for at least 6-12
months. Lipid formulations of amphotericin

www.ijotm.com
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are preferred as they are better tolerated par-
ticularly in those with some degrees of renal
impairment [24].

Kidney transplant recipients have the lowest
risk of aspergillosis among solid organ trans-
plants [2]. Although a study from Turkey
identified it as the most common IFI, in ma-
Jority of reports it is second to candidiasis in
majority of reports [17]. Similar to our patients,
lung is the most prominent site of infection.
Fever, dyspnea and dry cough are usual pre-
sentations. Tomography is preferred to simple
radiography if aspergillosis is suspected. Ra-
diographic findings include focal infiltrations,
nodules and cavities [2]. Voriconazole is now
the drug of choice and preferred to ampho-
tericin [267]. Documentation of diagnosis is by
identification of hypha invasion or culture of
the involved tissue [2].

In conclusion, IFI continues to be a major
challenge in the field of transplantation. Early
diagnosis and prompt treatment are essential
in reducing the mortality rate. Diagnosis of
tungal agents such as Cryptococcus is needed
to be focused further, as there are no appropri-
ate tests available in most transplant centers,
particularly in developing countries. Further-
more, regarding the ever-changing nature of
tungal infections, it is important to re-evaluate
the epidemiology of IFI in transplant recipi-
ents, even in centers where such studies have
already been performed in the past.
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