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ABSTRACT 

Background. Malakoplakia is a rar e, chr onic gran ulomatous inflammator y condition that primaril y affects the 
genitourinary tr act, albeit r arely renal allografts. This article highlights the clinical presentation and radiological features 
of renal allograft malakoplakia and aims to identify knowledge gaps by a pooled analysis of case reports. 
Methods. This study contains a detailed case r e port focusing on the presentation and radiological evolution of renal 
allogr aft malakoplakia, follow ed by a pooled anal ysis of 38 histologicall y confirmed cases, extracted fr om 34 
pub lications. Descripti v e statistics were applied. 
Results. Malakoplakia of the renal allograft generally affects female ( 79% ) , middle-aged ( mean 48 years ) kidney 
transplant recipients in the first 2 years after transplantation ( 68.4%, mean 19 months ) , with a history of recurrent E. coli 
UTIs ( 87% ) and considered at high immunological risk ( 70% ) . Acute kidney injury ( AKI ) was the most common 

presentation of allograft malakoplakia ( 84% of cases ) . Three main patterns can be differentiated on imaging: 
parenchymal lesions ( 40% ) , abscess-like formations ( 34% ) , and pseudotumoral masses ( 26% ) . Ultrasound, CT, MRI, and 

FDG-PET-CT can result in initial detection, assess disease extent, and treatment response . How ever, these imaging 
modalities cannot r elia b l y differ entiate malakoplakia fr om malignant or other infectious pr ocesses, making 
histopathological confirmation essential for definiti v e dia gnosis. Ther e ar e no standardized tr eatment pr otocols, nor 
guidelines concerning antibiotic duration, reduction of immunosuppression, and definition of remission. Despite 
treatment, one-fifth of cases result in graft failure and one-fifth in death. 
Conclusions. Renal allograft malakoplakia is a rare but serious condition that in worst cases leads to graft loss and 

death. Pr ospecti v e studies are needed to establish standardized diagnostic and therapeutic approaches, including the 
potential role of FDG-PET-CT in monitoring treatment response. 
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Conclusion: Renal allograft malakoplakia is rare but associated with major 
consequences, highlighting the importance of clinical awareness of the condition 
and its radiological features to enable early biopsy and treatment.

Renal allograft malakoplakia mimicking malignancy: 
the value of combined morphological and functional imaging

Malakoplakia is a rare chronic granulomatous inflammatory condition predominantly of the genitourinary tract albeit infrequently 
renal allografts. It is suspected to result from a defective macrophage response to E. coli and other gram-negative bacteria.

Methods Results

Case report and
pooled analysis of

literature cases
(n = 38)

Three main patterns on imaging:
•Parenchymal lesions (40%)
•Abscess-like formations (34%)
•Pseudotumoral masses (26%)

22% reduced
function

19%
graft failure

19%
death

Presentation
Symptoms present in 82%

AKI in 84%

50% UTI 45% pain 24% fever 18% GI

Risk population

87% history
of UTI

68% < 2 years
post-transplant

Mean age
48 years

Imaging

Outcomes

Initial detection with ultrasound, CT, MRI or PET-CT
but difficult to exclude differential diagnosis

Histopathological confirmation is essential for diagnosis

>
70% high

immunological risk

Ke yw ords: allograft malakoplakia, malakoplakia, renal transplant, transplant malakoplakia 
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KEY LEARNING POINTS 

W ha t was known: 
� Malakoplakia is a c hronic gr anulomatous inflammatory condition that primarily affects the genitourinary tr act, r arely renal 

allografts, sometimes leading to graft loss, dialysis, and even death. 
� An underlying defective macrophage response to bacterial infection is suspected, usually to E. coli or other Gr am-ne gative 

bacteria, r esulting in accum ulation of pathognomonic Michaelis–Gutmann bodies within histiocytes ( v on Hansemann’s 

histiocytes ) . 
� Diagnosis is frequently delayed because of a non-specific clinical and radiological presentation and the requirement for 

tissue confirmation. 

This study adds: 
� To pr ev ent dia gnostic delay, clinicians should maintain a low threshold for considering malakoplakia when faced with 

persistent urinary infections, unexplained deterioration of graft function, and/or allograft masses. 
� Acute kidney injur y ( AKI ) w as the most common presentation of allograft malakoplakia ( 84% of cases ) . Only in 40% of AKI 

cases a full r ecov er y to baseline kidney function was observed. 
� Almost 60% of allograft malakoplakia cases present with pseudotumoral or abscess-like lesions on imaging, often mimicking 

malignancy. Although not conclusi v e in diagnosis, FDG-PET-CT has a potential role in treatment decisions and follo w-up . 

Potential impact: 
� We increase awareness of renal allograft malakoplakia and its most common clinical and radiological presentations, hope- 

full y pr ompting vigilance in KTRs at risk, earlier r ecognition and tr eatment, and stim ulating close follow-up with FDG-PET- 

CT. 
� We highlight the importance of immune dysfunction in the pathogenesis of allograft malakoplakia, underscoring the need 

for further investigation into the pathogen-specific a bnormal macr opha ge r esponse and alternati v e imm unomodulator y 

ther apies, suc h as mTOR inhibitors, cholinergic agents, and ascorbic acid. 
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NTRODUCTION 

alakoplakia is a r are , c hronic gr anulomatous inflammatory 
ondition that primarily affects the genitourinary tract, partic- 
larly the kidneys and bladder, but can occur in any solid organ 

 1 ]. The pathophysiology is not well understood but an underly- 
ng defecti v e macr opha ge r esponse to bacterial infection is sus- 
ected, usually to Esc heric hia coli or other Gr am-ne gati v e bacte- 
ia. This results in accumulation of pathognomonic Michaelis–
utmann ( M–G ) bodies within histiocytes ( von Hansemann’s 
istiocytes ) , leading to the formation of yellowish plaques or de- 
osits [ 2–5 ]. This mechanism is particularly relevant in kidney 
ransplant recipients ( KTRs ) , in whom chronic immunosuppres- 
ion and r ecurr ent urinar y tract infections ( UTIs ) ther eby pr e- 
ispose to the development of malakoplakia [ 6–8 ]. Particularly 

n the renal allograft, malakoplakia’s distincti v e histopathology 
ranslates into highly variable clinical and radiological appear- 
nces, ranging from asymptomatic graft dysfunction and recur- 
ent UTIs to the development of a renal mass or abscess, some- 
imes mimicking malignancy on ima ging. Nonetheless, r enal al- 
ograft malakoplakia may lead to sev er e outcomes such as graft 
oss, return to dialysis, and death, making early recognition cru- 
ial [ 9–11 ]. 

Ultr asound, computed tomogr aphy ( CT ) , or magnetic reso- 
ance ima ging ( MRI ) ar e essential for the initial detection of 
tructural anomalies and disease extent but lack specificity [ 12 , 
3 ]. Adv anced functional ima ging, including 18F-FDG-PET -CT , 
ay complement anatomical imaging by assessing metabolic 

cti vity, ther eby pr oviding additional insight into disease ex- 
ent and treatment response [ 14 , 15 ]. However, despite these ad- 
 ances, definiti v e dia gnosis contin ues to r el y on histopatholog- 
cal confirmation [ 1 , 3 , 16 ]. 

In this r e port, we describe a case of renal allograft malako- 
lakia, illustrating how the characteristic histological substrate 

of malakoplakia underlies its dece pti v e radiological pr esen-
tation. We highlight the benefit of combining morphological
imaging, functional FDG-PET, and histopathological analysis in
the diagnostic str ate gy, ther apeutic decision-making, and non-
inv asi v e monitoring of treatment. In addition, we present a
pooled analysis of published cases to contextualize clinical pre-
sentations, radiological patterns, diagnostic strategies, and out-
comes, with particular emphasis on the evolving role of imaging
in this under-recognized condition. 

C ASE REPOR T 

A 79-y ear-old female , first diagnosed with membr anoprolifer-
ati v e glomerulone phritis in 1977 and r equiring haemodial ysis
by 1981, underwent her first deceased cadaveric kidney trans-
plant in 1987. The post-transplant period was complicated by
r ecurr ent E. coli UTIs, escalating to an E. coli bacteraemia in 1993.
Over the course of 33 years, a slow decline of graft function
w as observ ed, r esulting in a r eturn to haemodial ysis in Februar y
2020. In October 2020, at age 74, she r ecei v ed a second cadav-
eric kidney transplant in the left iliac fossa. No episodes of re-
jection wer e r e ported; howev er, the patient r emained colonized
with pan-susce ptib le E. coli and experienced occasional r ecur-
rent UTIs. 

Four and a half years post-transplant, in October 2024, she
presented to the emer genc y department because of progres-
si v e pain in the left lower quadrant, present since 1 to 2
months although significantly worsening over the preceding
week. On examination, the patient was subfebrile [37.9 ◦C ( 100 ◦F ) ]
with a noticea b le induration at the level of the upper pole of
the second renal allograft and b lancha b le er ythema ( Fig. 1 a ) .
La borator y r esults r ev ealed sta b le haemoglobin ( 12.4 g/dl ) ,
moderate inflammatory markers ( leucocytosis 12 400/ μl, CRP
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Figure 1: ( a ) At first pr esentation: noticea b le induration at the level of the upper pole of the renal allograft and blachable erythema. ( b ) Readmission after < 2 weeks: 
pr ogr ession of the erythema to large blisters atop of the graft site. 
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4 mg/l ) , pr eserv ed graft function ( cr eatinine 0.66 mg/dl, eGFR 

6.6 ml/min/1.73 m 

2 ) , and slightly elevated LDH ( 303 U/l ) . The 
acr olim us lev el w as within ther apeutic r ange ( 8.2 ng/ml ) . Uri- 
alysis showed microscopic pyuria and haematuria, E. coli was 
ultured. Initial outpatient ultrasound suggested an abdomi- 
al wall hematoma extending into the renal allograft ( Fig. 2 a ) . 
ubsequent contrast-enhanced CT imaging visualized a sub- 
apsular hematoma of the renal allo graft e xtending through 

he a bdominal w all m usculatur e, most likel y originating fr om 

n interpolar cortical cyst, but without signs of acti v e b leeding 
 Fig. 2 b ) . 

Considering her sta b le clinical status, no signs of acti v e 
 leeding and a bsence of other alarm signs, she was discharged 

ith close follow-up and without antibiotic therapy. After just 
 weeks, she was readmitted due to persistent low-grade fever, 
norexia, and worsening pain. Examination revealed progres- 
ion of the erythema to large blisters atop of the graft site 
 Fig. 1 b ) . La borator y studies showed sta b le r enal function, spon- 
aneous decrease in inflammatory markers ( leukocytes 9800/ μl, 
RP 26 mg/l ) and persistent E. coli bacteriuria. 

Repeat ultrasound now demonstrated an ev oluti v e, v ascular- 
zed solid mass, rather than the first esta b lished haematoma. 

RI showed a 7.7-cm lesion arising from the allografts upper 
ole, going through the abdominal wall with extended subcu- 
aneous infiltration ( Fig. 2 c ) . This finding raised concerns about 
 rapidl y dev eloping neoplasm, gi v en the context, such as post- 
ransplant l ymphopr oliferati v e disorder or Kaposi sarcoma. Ret- 
 ospecti v el y, a small nodule could already be identified on a pre- 
ious CT angiography ( of the lower extremities ) in July 2024. 
DG-PET-CT confirmed a hypermetabolic mass infiltrating the 
 bdominal w all ( Fig. 2 d ) . 

Since a percutaneous biopsy was not attaina b le because 
f isoechogenicity of the lesion, surgical biopsy was carried 

ut. Perioperati v el y and macr oscopicall y the lesion r esemb led 

n a bscess-like structur e for which br oad-spectrum antibiotics 
 Piper acillin-Tazobactam IV ) w er e initiated, and subsequentl y 
owngraded to oral levofloxacin based on E. coli positivity on 

ntr aoper ati v e cultur es. P athological inspection sho wed no evi- 
ence of malignancy, but diffuse infiltration of foamy histiocytes 
ith copious amounts of eosinophilic cytoplasm and prominent 
–G bodies [positi v e on Periodic acid–Schiff ( PAS ) staining], con- 

istent with malakoplakia ( Fig. 3 ) . 

Imm unosuppr ession w as r educed ( mycophenolate discon- 
tin ued, tacr olim us target lowered to 6–8 mcg/l ) , and oral lev-
ofloxacin w as contin ued for a pr olonged time. Malakoplakia w as
still present on follow-up biopsy after 8 weeks of antibiotic treat-
ment. Mass volume and metabolic activity gradually decreased 

according to serial FDG-PET-CT scans performed at 5 and 14 
w eeks ( F ig. 4 b and c ) . Owing to fav oura b le ev olution on ima g-
ing and the development of antibiotic-induced diarrhoea, an- 
tibiotics wer e discontin ued at 14 weeks. Follow-up imaging at
26 weeks ( and 11 weeks after termination of antibiotics, Fig. 4 d )
r ev ealed further r egr ession of the lesion and resolution of the
a bdominal w all infiltration. 

This case underscores the diagnostic challenge posed by re- 
nal allograft malakoplakia and highlights the added value of a 
combined radiological and functional imaging str ate gy, particu- 
larly FDG-PET, for longitudinal assessment and treatment mon- 
itoring. Successful management was achieved through reduc- 
tion of imm unosuppr ession and pr olong ed targ eted antibiotic
therapy, with pr eserv ation of graft function and ( to date partial )
meta bolic r esolution of the mass on FDG-PET -CT . 

POOLED AN ALY SIS OF PUBLISHED CASES 

Materials and methods 

A thor ough literatur e r e vie w was conducted to identify and anal-
yse case r e ports and case series describing malakoplakia of the
renal allograft. The primary literature sear c h was performed in
PubMed using ‘Malacoplakia’ and ‘Kidney transplantation’ as 
MeSH-terms. A detailed methodological sear c h is described in
the Supplementary data. In total, 33 publications were included 

in the re vie w, comprising 37 cases ( r efer ences in Supplementar y
data ) . Including our mentioned case r e port, this r e vie w e valuates
38 individual patients. 

For each patient described in the included publications, data 
w ere extr acted ( see Supplementary data ) . Clinical findings w ere
recorded in a binary manner ( present/absent, yes/no, etc. ) , and 

time intervals were rounded to the nearest week, month, or year
as appropriate. 

General descripti v e statistics wer e applied to the dataset. The
frequency of each clinical finding was calculated based only on 

cases that r e ported the pr esence or a bsence of that finding. For
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Renal allograft malakoplakia mimicking malignancy 5 

Figure 2: ( a ) Ultrasound at first presentation. ( b ) Contrast-enhanced CT, venous faze: according to initial protocol strong resemblance to large abdominal wall hematoma 

adjacent to the left oblique abdominal wall musculature, bordering the renal allograft. ( c ) MRI T1 TFE sequence: Mixed hyper- and hypo-intense signal on the T1- and 
T2-w eighted images. Diffuse , predominantly late , enhancement of the lesion with heterogeneous, strand-like enhancement of the subcutaneous component. Diffuse, 
fairly homo geneous, patholo gical diffusion restriction throughout the entire lesion. On imaging suspect for sarcomatous origin, and fast ev oluti v e in comparison to 
CT ( b ) . ( d ) Intensel y hypermeta bolic mass in the left abdominal wall, extending to the skin, adjacent to the descending colon and the renal allograft, and appears to be 

connected to the haemorrhagic cyst interpolar in the renal allograft: based on imaging preference for malignant lesion. 

Figure 3: H&E stain ×400, showing the proliferation of histiocytes loaded with smaller and bigger eosinophilic granules ( arrows ) . The granules are PAS positive ( arrows, 

right panel ) . 
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Figure 4: Evolution of renal allograft malakoplakia by FDG-PET CT imaging. ( a ) On 5 November 2024, initial presentation: baseline. ( b ) 10 December 2024, after 5 weeks 

of antibiotic tr eatment, r esulting in a r esolution of skin inv olv ement. ( c ) 10 Februar y 2025, after 14 weeks of antibiotic tr eatment, r esulting in a significant reduction of 
the metabolic mass. ( d ) 2 May 2025, 26 weeks after initial presentation and 11 weeks after antibiotic cessation, further reduction of the metabolic mass with resolution 
of the abdominal wall infiltration. 
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xample, if 31 cases r e ported AKI at presentation and seven re- 
orted its absence, then AKI was considered present in 82% of re- 
orting cases. Cases in which a specific finding was not r e ported 

er e consider ed ‘non-r e porting’, and the n umber of such cases 
as noted when applicable. 

ESULTS 

emogr aphics, tr ansplant char acteristics, and na ti v e 
idney disease 

he study included 38 patients with histologically confirmed 

alakoplakia of the renal allograft. The mean age at diagno- 
is was 48 years ( SD 14.32, range: 14–79 years ) . Females r e pr e- 
ented 79% ( 30/38 ) of cases, highlighting the female predom- 
nance in genitourinary malakoplakia, compared to 1:1 male–
emale ratio in other affected sites [ 9 , 10 , 18 ], pr esuma b l y due 
o the higher pr ev alence of r ecurr ent E. coli UTIs in women. The 

edian time from transplantation to malakoplakia onset was 19 
onths ( mean: 32 months, SD 39.27; range: 1–168 months ) , re- 

ecting a right-skewed distribution. Cadaveric transplants com- 
rised 63% ( 19/30 ) of cases, with glomerulonephritis being the 
ost common underlying disease ( 26%, 8/31 ) . A history of recur- 

ent UTIs was reported in 87% ( 26/30 ) of patients ( Table 1 ) . 

mmunological risk 

r evious r ejection e pisodes occurr ed in 52% ( 12/23 ) of recipients, 
ncluding T-cell-mediated ( 17%, 4/23 ) and antibody-mediated 

 35%, 8/23 ) rejection. Including patients with multiple trans- 
lants ( 13%, 5/38 ) , a total of 70% of the patient population was 

classified as ‘high immunological risk’ ( e.g. rejection, previous 
transplantation, or sensitization ) . The most common immuno- 
suppr essi v e r egimen w as the triad of mycophenolate mofetil
( MMF ) , tacr olim us ( TAC ) , and pr ednisolone ( 66%, 21/32 ) ( Ta b le 1 ) .

Clinical presentation and diagnosis 

Symptoms were documented in 82% ( 31/38 ) of patients, mean- 
ing seven patients were asymptomatic, and the indication for 
renal biopsy was deterioration of the graft function on routine 
la boratories ( suspecting r ejection ) or a bnormalities on routine 
imaging. When symptomatic, classic symptoms of lower UTI 
were the most common presentation ( 50%, 19/38 ) . Not a clinical
symptom, but acute kidney injur y ( AKI ) w as the most common
ov erall pr esentation of r enal allograft malakoplakia ( 84%, 32/38 ) .
Among these, KDIGO staging can be calculated in 26 cases: stage
1 ( 50%, 13/26 ) , stage 2 ( 15%, 4/26 ) , and stage 3 ( 35%, 9/26 ) . Cuta-
neous inv olv ement with a bdominal a bscesses ( as in the pr esent
case ) was not uncommon ( 11%, 4/38 ) . 

The median duration of symptoms before diagnosis was 7 
w eeks ( mean: 19 w eeks; SD 30.8; r ange: 1–130 w eeks ) , although
this w as r e ported in onl y 50% ( 19/38 ) of cases. In addition, it
was often difficult to pinpoint the beginning of symptoms as 
they were non-specific and often wrongly contributed to other 
causes. ( Ta b le 2 ) 

Three main patterns can be differentiated on imaging: 
parenc hymal lesions ( e .g. renal allogr aft enlargement or no ab-
normality on imaging, 40%, 14/35 ) , abscess-like formations ( 34%,
12/35 ) , and pseudotumoral masses ( 26%, 9/35 ) . Ultrasound was 
the most utilized modality ( 75%, 27/36 ) , followed by CT ( 50%,
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Ta ble 1: Descripti v e da ta on demogr aphic and tr ansplant char acteristics, na tive kidne y disease, imm unological risk and imm unosuppressi v e 
regimens in renal allograft malakoplakia. 

N ( % ) 

Age , y ears ( mean—SD ) 48.05–14.32 
Gender 

Female 30 ( 79 ) 
Male 8 ( 21 ) 

Time after transplantation, months ( mean—median ) 32–19 
Type of transplant 

Cadaveric 19 ( 63 ) 
Living-donor 5 ( 17 ) 
Li v e-r elated 6 ( 20 ) 

Nati v e disease 
Glomerulonephritis 8 ( 26 ) 
Dia betic ne phr opathy 6 ( 19 ) 
ADPKD 3 ( 10 ) 
Chr onic pyelone phritis 3 ( 10 ) 
Hypertensi v e ne phr opathy 2 ( 7 ) 
Undetermined 3 ( 11 ) 
Others ( atypical hemolytic uremic syndrome, lithium nephropathy, 

membranous ne phr opathy, analgesic ne phr opathy, Goodpastur e’s 
Syndrome ) 

5 ( 25 ) 

Recurrent UTI 26 ( 87 ) 
Pr evious r ejection 

No 10 ( 48 ) 
Antibody-mediated 8 ( 35 ) 
T-cell mediated 4 ( 17 ) 

Multiple transplantations 5 ( 13 ) 
High immunological risk ( 2 ◦ transplant, previous rejection, sensitization ) 17 ( 71 ) 
Imm unosuppr essant r egimen 

MMF/TAC/prednisolone 21 ( 66 ) 
MMF/TAC 2 ( 6 ) 
MMF/prednisolone 1 ( 3 ) 
Azathioprine/prednisolone 7 ( 22 ) 
Cyclosporin A/prednisolone 1 ( 3 ) 

Table 2: Descriptive data on the clinical presentation of renal allograft malakoplakia. 

N ( % ) 

Time from onset of symptoms to diagnosis, weeks ( mean—SD ) 18.74–30.8 
AKI 32 ( 84 ) 

Stage 1 13 ( 50 ) 
Stage 2 4 ( 15 ) 
Stage 3 9 ( 35 ) 

UTI 19 ( 50 ) 
Flank/abdominal pain 17 ( 45 ) 
F e ver 9 ( 24 ) 
GI symptoms 7 ( 18 ) 
Cutaneous inv olv ement 4 ( 10 ) 
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8/36 ) , MRI ( 11%, 4/36 ) , and FDG-PET-CT ( 8%, 3/36 ) . Inter estingl y, 
ur case is the only one describing all four image modalities at 
resentation; and using FDG-PET-CT in the monitoring of treat- 
ent response. ( Supplemental Table 3 ) . 

icrobiological findings and diagnostic approaches 

. coli was isolated in 87% ( 32/37 ) of cases, confirming its pre- 
ominant role in renal allograft malakoplakia. Other cultured 

organisms, pr edominantl y Gr am ne gati v es, wer e Kle bsiella pneu-
moniae ( 4/37 ) , Pseudomonas aeruginosa ( 3/37 ) , Enterobacter cloacae
( 3/37 ) , and more rare bacteria ( Acinetobacter , Enterobacter aero-
genes , Staph ylococcus aur eus , Cor ynebacterium hofmannii , Pr oteus
vulgaris ) . Micr obiological dia gnosis w as most fr equentl y esta b-
lished by urine culture ( 86%, 32/37 ) . Additional evidence of
microbial pathogens was found in haemocultures ( 19%, 7/37 )
and cultured biopsy of the renal allograft ( 30%, 11/37 ) . Notably,
8% ( 3/37 ) of cases remained culture-ne gative , with diagnosis
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Ta ble 3: Descripti v e data on the outcomes and follow-up of renal 
allograft malakoplakia. 

N ( % ) 

Timing for follo w-up , months ( mean—SD ) 4.25–1.49 
Outcome of kidney function 

Recov er y to baseline 11 ( 40 ) 
Persistent reduced graft function 6 ( 22 ) 
Graft failure 5 ( 19 ) 
Death 5 ( 19 ) 

Evolution on imaging 
Reduction in mass size 7 ( 47 ) 
Resolution of lesions 8 ( 53 ) 
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sta b lished solel y thr ough histopathological findings. ( Supple 
ental Table 4 ) . 

 her apeutic str a tegies 

r eatment r egimens v aried within the cohort, as can be seen 

n Supplemental Table 4 and 5 . The most common combi- 
ation appr oach w as antibiotics with r eduction of imm uno- 
uppr essi v e therapy, used in 37% of cases ( 13/36 ) . Fluoro- 
uinoles and betalactam antibiotics were used with similar fre- 
uency. The duration of antibiotic treatment was prolonged, 
ith a mean of 16 weeks ( SD 16.39 ) . This is pr oba b l y an 

nderestimation as in five cases antibiotic therapy was de- 
cribed as ‘long-term’ without clear indication of treatment 
uration. 

utcomes and follow-up 

he mean follow-up period was 4.25 months ( SD 1.49 ) . At last 
ollo w-up contact, reco very of kidney function to baseline was 
bserved in 40% ( 11/27 ) of patients with AKI ( reminder: 32/38 
atients had AKI at pr esentation ) . Persisting r educed graft func- 
ion w as pr esent in 22% ( 6/27 ) of cases. Graft failur e w as doc- 
mented in 19% ( 5/27 ) , and death occurred in 19% ( 5/27 ) of 
ases. 

In the categories of abscess-like and pseudotumoral lesions 
 in total 21 of the patient cohort ) evolution on imaging was 
ecorded in 15 cases, showing reduction in the size of malako- 
lakia lesions in 47% ( 7/15 ) , while complete resolution of lesions 
as noted in 53% ( 8/15 ) . Follow-up imaging consisted of US or 
T; our case is the first describing the evolution on FDG-PET- 
T. A negati v e follow-up biopsy, confirming histological resolu- 

ion, was documented only in one case; as in our case follow-up 

iopsy at 8 weeks still confirmed the presence of malakoplakia. 
 Ta b le 3 , and Supplemental Table 5 ) . 

ISCUSSION 

enal allograft malakoplakia remains a rare but clinically sig- 
ificant complication, and this re vie w of 38 cases provides 
he most compr ehensi v e synthesis to date. The precise patho- 
hysiology behind malakoplakia r emains poorl y understood. 
n immune-mediated defect in macr opha ge bactericidal acti v- 

ty is pr esumed, secondar y to a defecti v e l ysosomal function 

nd abnormal tubular assembly due to reduced cyclic guano- 
ine monophosphate to cyclic adenosine monophosphate ra- 
io within pha gocytes. Collecti v el y, these defects r esult in in- 
omplete intracellular killing of bacteria, persistence of bac- 

mon ur opathogen. Howev er, back in 1977 Abdou et al. incu-
bated mononuclear cells from patients with confirmed malako- 
plakia with E. coli and S . aur eus . Only those exposed to E. coli
had decreased bactericidal macrophage activity and low lev- 
els of cyclic-GMP [ 2 ]. While the precise mechanism remains
unclear, parallels can be drawn with the intracellular bacte- 
rial comm unity ( IBC ) pathw ay, first discov er ed in ur opathogenic
E. coli . The IBC pathw ay ena b les bacterial intracellular sur-
vi v al and r e plication in ur othelial cells, and has been described
in other uropathogens ( e .g. K pneumoniae , Enter ococcus f aecalis ,
and Staph ylococcus sapr oph yticus ) albeit at low er levels ( IBC-
like ) [ 19 , 20 ]. Although the IBC pathway and malakoplakia oc-
cur in fundamentally different cells ( urothelial epithelium vs.
macr opha ges ) , they shar e a central pathogenic theme: the abil-
ity of E. coli to persist intracellularly by evading normal bacterici-
dal mechanisms, providing a plausible biological link for further 
investigation. 

This study endorses the typical disease onset in the first two
years after transplantation, pr oba b l y r eflecting higher imm uno-
suppr essi v e exposur e in the earl y post-transplant period r esult-
ing in macr opha g e function impairment and g enerall y incr eased
infection risk [ 9 , 21 ]. Nota b l y, 52% of patients had prior rejection:
higher than pr eviousl y r e ported cohorts ( 22%–41% ) and the gen-
er al kidney tr ansplant population ( 10%–20% ) [ 9 , 18 , 22 ]. When
adding patients with multiple transplants and sensitization, 70% 

w as consider ed high imm unological risk. This r einforces the es-
ta b lished r ole of imm unosuppr ession and imm une dysfunction
in the pathogenesis, warranting higher vigilance in KTRs con- 
sidered at high immunological risk. Although some previous re- 
views on the topic of malakoplakia in transplantation claim that 
curr ent imm unosupr essi v e therap y ma y r educe the n umber of
malakoplakia cases ( compared to Azathioprine/Cyclosporin A 

r egimens ) [ 7 , 8 ], this w as not evident fr om our data. Nonetheless,
alternati v e imm unosuppr essi v e r egimens with mTOR inhibitors
may potentially be associated with a lower risk of malakoplakia 
by enhancing macr opha ge autopha gy and pha gol ysosomal mat-
ur ation, improving intr acellular bacterial clear ance and pr ev ent-
ing M-G body accumulation. 

To our knowledge, this pooled analysis is the first to char-
acterize the clinical presentation of renal allograft malako- 
plakia in detail. In 82% of cases diagnosis of malakoplakia 
w as pr eceded by non-specific symptoms, including classic 
symptoms of lower UTI, flank/abdominal pain, fever and gas- 
trointestinal complaints. These can be easily attributed to 
other causes, resulting in a significant delay in diagnosis 
( median 7 w eeks, r ange 1–130 w eeks ) . Clinicians should main-
tain a low threshold for considering malakoplakia when faced 

with persistent urinary infections and otherwise unexplained 
erial fragments, and chr onic acti v ation of macr opha ges. This 
roposed mechanism is closely reflected in the c har acteristic 
istopathological findings, as malakoplakia is defined by the 
resence of M–G bodies. These are targetoid, intra- and extra- 
ellular, miner alized [PAS , von Kossa ( calcium ) ; Perls’ Prussion 

 lue ( ir on ) positi v e] r emnants of incompletel y digested pha go- 
omes. In addition, bacilliform structures, bacterial fragments, 
nd DNA can be demonstrated in these M–G bodies, further sup- 
orting the concept of defective intracellular bacterial clearance 
 2–7 ]. 

Our findings reinforce known epidemiological patterns, in- 
luding the female predominance in genitourinary sites, the 
 ole of r ecurr ent E. coli UTIs, and the high imm unological 
isk profile of affected KTRs. The marked predominance of E. 
oli suggests a pathogen-specific abnormal innate immune re- 
ponse. This may partly reflect its prevalence as the most com- 
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Table 4: Possible radiological findings for renal allograft malakoplakia, main strengths and limitations of diagnostic approaches. 

Imaging modality Typical findings Main strengths Key limitations 

Ultrasound ( US ) Hypoechoic or heterogeneous 
par enchymal ar eas; solid or 
ill-defined mass-like lesions; 
graft enlargement; v aria b le 
internal vascularity on Doppler 
[ 9 , 12 , 13 ] 

W idely a vailable; first-line tool; 
detects structural abnormalities 
and guides biopsy 

Low specificity; cannot r elia b l y 
distinguish infection from 

malignancy 

CT Hypodense or mildly enhancing 
lesions; abscess-like collections 
or infiltrati v e pseudotumoral 
masses; possible perinephric or 
a bdominal w all extension; 
hyperdense or calcified 
components ( e.g. M-G bodies ) [ 9 , 
12 , 13 ] 

Good spatial resolution; 
evaluates disease extent and 
complications 

Radiation; contrast exposure; 
cannot r elia b l y distinguish 
infection from malignancy 

MRI T1 hyperintensity, T2 
hypointensity; diffusion 

r estriction; heter ogeneous 
contrast enhancement; better 
soft-tissue delineation [ 12 , 13 ] 

Superior soft-tissue contrast; 
useful when CT is equi v ocal or 
contrast is contraindicated 

Limited av aila bility; still 
non-specific; fewer r e ported cases 

18 FDG-PET-CT Marked FDG uptake reflecting 
inflammator y macr opha ge 
activity [ 14 , 15 ] 

Functional assessment; evaluates 
disease extent, ena b les 
longitudinal monitoring of 
therapy 

FDG uptake is non-specific 
( infection vs malignancy ) ; fewer 
r e ported cases 

Histopathology ( gold standard ) Von Hansemann histiocytes with 
M–G bodies ( PAS, von Kossa 
positi v e ) [ 1 , 3 , 16 ] 

Definiti v e dia gnosis Inv asi v e; sampling error possible 
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ymptoms. Nevertheless, eight out of 38 patients were strictly 
symptomatic. In these cases, the dia gnosis w as esta b lished fol- 
owing a biopsy prompted by deterioration of graft function or 
y an incidental finding of a renal mass on imaging. Acute de- 
erior ation of gr aft function w as pr esent in 84% of the cohort, 
anging from mild to graft failure, suggesting unexplained AKI 
 or an y ne w renal mass should ) should indeed pr ompt earl y 
iopsy. 

Radiological assessment plays a pi v otal yet often underesti- 
ated role in the diagnostic work-up of renal allograft infections 

n general [ 23 ]. Around 60% of renal allograft malakoplakia cases 
r esent with a bscess-like formations or pseudotumoral masses. 
ltrasound typically shows a hypoechoic, poorly defined, and of- 

en hypervascular lesion. On CT imaging, lesions may appear 
s solid-cystic masses with septations, hyperdense or calcified 

omponents ( e.g. calcified M–G bodies ) , and contrast enhance- 
ent. MRI demonstrates T2 hypointensity, T1 hyperintensity, 

eterogeneous contrast enhancement, and restricted diffusion, 
econdary to the presence of calcium and iron in the M–G bod- 
es [ 12 , 13 ]. PET-CT r ev eals pr onounced hypermeta bolic ( FDG- 
vid ) lesions [ 14 , 15 ]. In addition, malakoplakia lesions are often 

apidl y pr ogr essi v e, in combination with the described imaging 
eatures, raising suspicion of primary malignancies ( such as re- 
al cell car cinoma ) , sar comas ( suc h as Kaposi in the context of 

mm unosuppr ession ) , and post-transplant l ymphopr oliferati v e 
isorder. Nevertheless, other infectious aetiologies ( abscesses, 
uber culosis, xanthogr anulomatous py elonephritis ) should be 
ncluded in the differential diagnosis. Although the described 

ma ging modalities hav e their practical str engths and limita- 
ions, all of them lack the ability to discern malakoplakia from 

either malignant nor infectious pr ocesses, definiti v e dia gno- 
is generall y r equiring a targeted biopsy. Still, FDG-PET may 

pr ovide incr emental v alue by ena b ling longitudinal assessment
of meta bolic r esponse to therapy, and potentiall y av oiding un-
necessar y graft ne phr ectomy ( Ta b le 4 ) . Therapeutic strategies
lack pr ospecti v e e vidence. The y ar e largel y theor etical, based
on the proposed pathophysiological mechanisms, as evidence
remains anecdotal and derived from small case series. Man-
agement str ate gies in this re vie w mirr or ed those outlined in
the literature: long-term antibiotic therapy with intracellular
concentr ation and Gr am-ne gati v e spectrum ( such as fluor o-
quinolones, macrolides, and trimethoprim-sulfamethoxazol ) to 
target bacteria sequestered within macrophages; and tapering
of imm unosuppr ession to corr ect the pr esumed intracellular
signalling defect. In addition, use of bethanechol, a choliner-
gic agonist, and ascorbic acid, or vitamin C, has been suggested
since these r especti v el y incr ease cyclic guanosine monophos-
phate and reduce cyclic adenosine monophosphate levels, alter-
ing macr opha ge r edox state [ 24–26 ]. The enigma r emains on the
duration of antibiotic tr eatment, v ar ying fr om 3 weeks up to 18
months in the analysed cases. It remains unsure as to whether
treatment should be titrated to clinical, radiological, microbio-
logical, metabolic ( as in FDG avidity ) , or histological remission.
In our case, similarly to the nati v e kidney malakoplakia case by
Vanbrabant et al. [ 14 ], discontinuation of antibiotic therapy was
based on fav oura b le ev olution on FDG-PET -CT , resulting in fur-
ther r egr ession of FDG uptake 11 weeks after antibiotic cessa-
tion. 

In the end, outcomes seem guarded with most patients ei-
ther not fully recovering kidney function, progressing to graft
loss, or even to death. These numbers must be nuanced as
all deaths occurr ed befor e 1985 and ( related or not ) before the
development of second-generation fluoroquinolones. Still, re-
nal allograft malakoplakia carries a significant morbidity and
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ortality burden to this day, prompting the need for fundamen- 
al resear c h into underlying pathophysiological mec hanisms as 
ell as pr ospecti v e clinical investigations. 
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