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Key Points
c Adenovirus Interstitial Nephritis has nonspecific clinical manifestation, and kidney biopsy played an essential role in
establishing its condition.

c The most specific histopathological finding is interstitial nephritis with a granulomatous pattern.
c The evolution is favorable in most cases, and there was recovery of kidney function a few months after the diagnostic.

Abstract
Background Post-kidney transplant (KT) adenovirus (AdV) nephritis is a condition with potential for acute allograft
dysfunction, and evidence on its management is scarce.

Methods This study is an original case series based on kidney biopsy (KB) of seven patients obtained at a health center
specialized in kidney pathology from 2009 to 2023. We also performed a nonsystematic literature review on patients
described in the literature.

Results KB was used to define the diagnosis of all patients. The average time to diagnosis after transplantation was
32.9 months. The most prevalent symptoms were fever, macroscopic hematuria, and dysuria. The GFR reduced on
average four times in relation to the baseline GFR. The main findings of KB were acute tubular necrosis (100%), necrotizing
granulomatous interstitial nephritis (100%), and viral inclusions (100%). The therapies used were human Igs, antivirals,
and reduction of immunosuppression. The clinical course was favorable in six of the seven patients. Our literature review
found 44 patients with AdV interstitial nephritis, and the outcome was favorable in most reported patients.

Conclusions AdV interstitial nephritis is a rare condition with important implications for KT recipients. KB plays a very
important role in confirmation. This study fills gaps in the current literature on AdV interstitial nephritis and contributes
to the understanding of this potential complication in the follow-up of KT recipients.
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Introduction
Modern immunosuppression regimens have provided kid-
ney transplant (KT) recipients improved clinical outcomes
—especially with a lower incidence of rejection1 and
increased allograft survival.2 On the other hand, infec-
tions have become the main post-KT complication. In

this context, viral infections have particular relevance
because of their potential to cause acute and chronic
allograft dysfunction.2,3 Of particular note are polyoma-
virus (PyV),3 the most common4 (2%–6%)2,5; cytomega-
lovirus (CMV; 5.8%)6; and adenovirus (AdV; 4.1%).7

The latter causes significant post-KT nephropathy, but
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current understanding of this nephropathy is limited in
relation to the other viral infections.5

AdVs are nonenveloped double-stranded DNA viruses.
They present 113 genotypes8 divided into seven groups
according to their molecular characters.4 They are found
globally, and their transmission is common up to 6 years of
age.4 Most patients do not have clinical repercussions.4

However, AdV infection can be associated with more seri-
ous manifestations in immunocompromised patients, includ-
ing disseminated disease and potentially fatal outcomes.2,5

The most frequent histopathological findings in the kidney
tissue are interstitial inflammation with granulomas, focal
parenchymal necrosis, and nuclear ground-glass inclusions.
Although characteristic, there is frequent overlap with other
viral infections in kidney graft (CMV, PyV).9

Symptomatic AdV infection is a significant complication
after KT,10 and unlike what occurs with PyV, the Kidney
Disease Improving Global Outcomes guidelines do not rec-
ommend screening for AdV in KT recipients.5,11 AdV mainly
causes hemorrhagic cystitis and tubulointerstitial nephritis.2

Histopathological findings of AdV nephritis (AdVN) are
often characterized by strong evidence of diffuse mononu-
clear interstitial inflammation on kidney biopsy (KB).2

The damage caused by AdV is caused by direct and
indirect mechanisms. The cytopathic effects caused by the
virus constitute direct aggression, and these are added to
the inflammatory response triggered after the viral inva-
sion of the tissue. Proinflammatory cytokines and their
effects on cells trigger indirect injury to kidney tissue.5 The
association of this damage with the concomitant immune
response provides consequences similar to transplant-
related ischemia-reperfusion injury.12

AdVN diagnostic criteria are not standardized in the
literature, and there is no single way to confirm the di-
agnosis.13 Current studies confirm the diagnosis through
the combination of histopathological evidence (light micros-
copy [LM] and/or electron microscopy [EM]), laboratory
(detection of genetic material of AdV by immunohisto-
chemistry [IH]), and clinical symptoms. The main differen-
tial diagnosis is PyV nephritis because CMV infection in
allograft is exceptionally rare.12

The available knowledge about the clinical manifesta-
tions and histopathological characteristics of AdVN is in-
cipient and primarily based on case reports.5 Therefore,
screening, diagnosis, and treatment proposals for this con-
dition are limited in KT. Given these limitations, our study
presents both a retrospective analysis of an original AdVN
case series from a national reference center for kidney
pathology and an independent nonsystematic review of
cases reported in the literature.

Methods
Series of cases of post-KT AdVN nephropathy between

January 2009 and December 2023 were obtained from KB
reports from the Immunofluorescence and Electron Micros-
copy Laboratory of the University Hospital of the Federal
University of Maranhão, Brazil, a tertiary care referral
center and national reference center in nephropathology.
Patients receiving KT under investigation for allograft

dysfunction were selected for this study on the basis of
the result of KB suggestive of AdVN involvement.

Sociodemographic (age, sex, and ethnicity), clinical (un-
derlying kidney disease, time elapsed since KT, and reason
for KB indication), and blood test (basal GFR, creatinine at
the time of KB, and proteinuria) data were obtained from
electronic medical records. GFR was calculated using the
CKD Epidemiology Collaboration formula for all patients,
except for one patient whose age was 16 years. In this case,
the Schwartz formula was used. We described immuno-
suppressive therapy used, comorbidities and their respec-
tive therapies, serology for infectious agents, and clinical
evolution of patients up to 6 months after AdVN diagnosis.
The patients' blood test follow-ups were assessed using
serum creatinine values after 3 and 6 months, as well as 24-
hour proteinuria after 6 months.
All patients underwent allograft biopsy during the

symptomatic period of viral nephropathy, which are
mainly fever, hematuria, and dysuria. Kidney tissue sam-
ples were analyzed by LM, immunofluorescence, EM,
and IH. For LM, hematoxylin-eosin staining, periodic
acid–Schiff staining, Jones' methenamine silver staining,
and Masson's trichrome staining were performed. The
anti-C4d antibody test was performed with clone SP91
(Spring Bioscience). The diagnosis of AdV infection was
established by observing characteristic findings of AdVN
on KB confirmed by (1) urinary PCR for AdV13 or (2)
typical AdVN findings on EM as a crystalline arrangement
of viral particles with a diameter between 70 and 80 nm.13

A nonsystematic literature review was conducted on
reported cases of patients with post-KT AdVN. We
searched the terms “kidney” and “adenoviridae infec-
tions,” using the platforms PubMed (209 articles), Web
of Science (133 articles), and Embase (89 articles), including
articles in English until 2024. Three authors screened the
articles to find case reports or case series. After excluding
duplicate and out-of-scope articles, 30 studies were in-
cluded in the final review, covering 44 patients.
Data were entered into Microsoft Excel tables and were

subsequently analyzed using Stata 12.0 software. Categor-
ical variables were described in terms of absolute and
relative frequencies. Continuous variables were analyzed
by calculating mean and SD. The study was approved by
the Ethics Committee (Hospital Universitário da Universi-
dade Federal do Maranhão/University Hospital/Federal
University of Maranhao protocol 4.750.825).

Results
During the study period, 672 kidney biopsies were

performed. Of these, seven patients (1.04%) were diag-
nosed with AdVN in the description of the allograft bi-
opsy. The diagnostic criteria applied for each patient are
summarized in Table 1. Six patients were male, and the
average age was 38.7616.4 years. Only one patient was of
non-White ethnicity. Two patients underwent a qualita-
tive urine RT-PCR test to detect AdV genetic material,
with a positive result. The remaining patients had diag-
nostic confirmation through LM/EM findings (Table 1).
The underlying nephropathy was known in three of

seven patients: one patient with membranous nephropa-
thy, one patient with diabetic kidney disease, and one
patient with FSGS. All patients had been on KRT for at
least 1 year before KT. None of them had undergone repeat
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Table 1. Demographic characterization and data relating to kidney transplantation and diagnostic methods used to confirm AdV infection in a case series of AdV interstitial nephritis

Case Age Sex Ethnicity Underlying
Nephropathy

KT Time
(mo)

Type
of KT Maintenance IS GFR

Baseline
DM/
AH

HBV/
HCV/
CMV

Induction AdV
Diagnosis

1 27 F WH DM-1 5 DD FK1MMF1PD 104 1/1 2/2/1 Thymoglobulin KB1PCRUr
2 38 M WH Unknown 17 LD FK1MMF1PD 69 2/2 2/2/1 Basiliximab KB1EM
3 45 M WH Unknown 76 LD FK1MMF1PD 50 2/1 2/2/1 Methylprednisolone KB1EM
4 66 M WH MN 80 DD FK1MMF1PD 31 1/1 2/2/1 Basiliximab KB1EM
5 30 M WH Unknown 42 DD FK1MMF1PD 40 2/2 2/2/1 Basiliximab KB1EM
6 49 M WH Unknown 1 LD FK1MMF1PD 45 2/1 2/2/1 Basiliximab KB1EM
7 16 M B FSGS 12 DD FK1MMF1PD 56 2/2 2/2/1 Basiliximab KB1PCRUra

AdV, adenovirus; AH, arterial hypertension; B, Black; CMV, positive serology for cytomegalovirus (IgG); DD, deceased donor; DM, diabetes mellitus; EM, electron microscopy; F, female; FK,
tacrolimus; GFR, GFR (ml/min per 1.73 m2); HBV, positive serology for hepatitis B; HCV, positive serology for hepatitis C; IS, immunosuppressants; KB, kidney biopsy; KT, kidney
transplant; LD, living donor; M, male; MMF, mycophenolate mofetil; MN, membranous nephropathy; PCRUr, PCR in urine for AdV; PD, prednisone; WH, white.
aMore than 99,000 viral copies.
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KT. Of the seven patients, four received allograft from a
deceased donor. The average age when the KT was per-
formed was 36.14613.68 years (Table 1).
Three patients underwent quantitative serum RT-PCR

for CMV, with negative results. Among the seven pa-
tients, five had immunosuppression for KT induced with

basiliximab. One of the patients had induction with thy-
moglobulin and the other with methylprednisolone. The
maintenance therapeutic regimen at the time of AdV in-
fection is given in Table 1.
Two patients had previous allograft rejection; one of

them was treated with plasmapheresis (after a recurrence

Table 2. Clinical presentation, kidney function at disease onset, and KB findings in a case series of adenovirus interstitial nephritis

Case
Signs and Symptoms Supplementary Tests

Fever Dysuria Hematuria Initial GFR (ml/min per 1.73 m2) KB Findings

1 1 1 1 20.7 TIN with suppuration, hemorrhage
foci and viral cytopathic effects

2 1 1 1 7.7 Granulomatous TIN with ATN foci
and viral inclusions

3 1 1 1 10.8 Granulomatous TIN with ATN and
viral inclusions

4 1 1 1 15.3 Granulomatous TIN with ATN and
viral inclusions

5 2 1 1 13.1 Granulomatous TIN and viral
inclusions

6 2 1 1 23.7 Granulomatous TIN and viral
inclusions

7 2 2 1 25 Granulomatous TIN with ATN and
viral inclusions

ATN, acute tubular necrosis; KB, kidney biopsy; TIN, tubulointerstitial nephritis.

A B C

D E F

Figure 1. Kidney biopsies findings. LM with hematoxylin and eosin staining (A–D) and EM (E and F) reveal different patterns of inflammation
in kidney allograft biopsies in patients with AdVN. (A) Severe interstitial inflammation findings represented by neutrophil infiltration (box 1)
and giant cell (box 2); tubular necrosis with epithelial necrotic cellular debris (box 3; original magnification 3200. bar5100 mm). (B) Giant
cell (box 1) surrounded by inflammatory infiltrate (box 2) and tubular necrosis (box 3; original magnification 3200. bar5100 mm).
(C) Inflammatory infiltrate (box 1); viral inclusion (box 2) represented by smudged nuclei (original magnification 3400. bar550 mm).
(D) Severe involvement of the kidney parenchyma with giant cells present (box 1; HE stain, original magnification 3400. bar550 mm).
(E) Viral inclusion in infected epithelial tubular cells are arranged in a crystalline array with hexagonal outline and a diameter of 70–110 nm
(original magnification 315,000. bar51 nm). (F) Detailed viral particles (original magnification 380,000. bar5100 nm). AdVN, adenovirus
nephritis; EM, electron microscopy; HE, hematoxylin-eosin; LM, light microscopy.
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of FSGS) and the other with methylprednisolone. All
seven patients had negative serology for hepatitis B and
C viruses, and all had reactive IgG and nonreactive IgM
serology for CMV (Table 2). The baseline GFR before
AdVN was 56.42624 ml/min per 1.73 m2, ranging from
40 to 104 ml/min per 1.73 m2 (Table 1). All patients had
normal 24-hour proteinuria at the time of symptom onset.
Patients had an average time of 32.9 months from KT to

the onset of symptoms (minimum 20 days and maximum
80 months). Predominant symptoms included fever (5/7),
macroscopic hematuria (6/7), and dysuria (6/7). Serum
creatinine values at the beginning of the infection aver-
aged 4.8 mg/dl (2.9–8.42 mg/dl), with an average in-
crease of 4 times the baseline serum creatinine value. The
average GFR at the beginning of the infection was
16.6 ml/min per 1.73 m2 (7.7–25 ml/min per 1.73 m2),
with an average reduction of 4 times the baseline (Table 2).
Two of the seven patients underwent cystoscopy to in-
vestigate hematuria. In both patients, direct invasive
examination revealed a pattern with enanthematous mu-
cosa. In one, a bladder biopsy was performed, which
revealed nonspecific chronic cystitis.
The main indication for KB was acute allograft dysfunc-

tion. The main histopathological findings in the kidney

tissue were present in all patients: acute tubular necrosis,
necrotizing granulomatous interstitial nephritis, and viral
inclusions. See Figure 1. The histopathological character-
ization of each kidney histological compartment is pre-
sented in Table 3. From the seven patients, five had their
kidney tissue sample submitted to EM. EM revealed
viral inclusions in infected tubular epithelial cells. Such
inclusions were arranged in a crystalline arrangement with
a hexagonal outline, with a diameter in the range of 70–110
nm, consistent with AdV (Figure 1). For more information
about histopathological findings see Supplemental Mate-
rial. EM is not routinely performed at our service; this
method was used in these five patients as a way to estab-
lish the diagnosis of AdVN, given the unavailability of
other methods at the time of managing these patients.
Five patients received intravenous Ig (Table 4). Three of

the patients underwent discontinuation of mycopheno-
late in their immunosuppression regimen. One patient
received reduced doses of immunosuppressants. Two
patients had tacrolimus replaced by everolimus after
the infection diagnosis. Most of the patients showed re-
covery of the basal GFR (measured 3 months after AKI),
although there was no complete recovery of the previous
creatinine level.

Table 3. Histopathological characterization of kidney histological compartments in a series of cases of adenovirus interstitial
nephritis

Case Glomerular
Compartment

Interstitial and
Tubular

Compartment
IF/TA Vascular

Compartment

Necrotizing
Granulomatous

Pattern

Viral
Inclusions C4d

1 Unchanged TIN 2 Unchanged 1 1 Not performed
2 Unchanged TIN and

ATN
2 Unchanged 1 1 Not performed

3 Unchanged TIN 2 Unchanged 1 1 Negative
4 Unchanged ATN 1 Intimal fibroelastic

thickening
1 1 Negative

5 Unchanged Marked fibrosis 1 Marked hyaline
arteriolosclerosis

1 1 Not performed

6 Unchanged TIN 2 Unchanged 1 1 Negative
7 Unchanged TIN 2 Unchanged 1 1 Not performed

ATN, acute tubular necrosis; C4d, antibody-mediated rejection; IF/TA, interstitial fibrosis and tubular atrophy; TIN, tubulointerstitial
nephritis.

Table 4. Therapeutic regimens used and temporal evolution of kidney function markers in a series of adenovirus nephritis cases

Treatment Laboratorial Outcomes

Case GCV/ACV IVIg IS Discontinued
GFR (ml/min per /1.73 m2)

Baseline Onset 3 mo 6 mo

1 2/2 2 No 104 20.7 2 2
2 1/1 1 MMF, PD 69 7.7 53 55
3 1/2 2 No 50 10.8 41 37
4 1/2 1 MMF 31 15.4 22 21
5 2/2 1 MMF 40 13.1 28 32
6 1/2 1 MMF 45 23.7 55 62
7 2/2 1 No 56 25 41 40

ACV, aciclovir; GCV, ganciclovir; IS, immunosuppressants; IVIg, intravenous Ig; MMF, mycophenolate mofetil; PD, prednisone.
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Table 5. Cases of adenovirus nephritis after kidney transplantation described in the literature

Author (Year) Age (yr) Sex Time after
Transplant

Organs or Systems
Involved Diagnostic Test Treatment Outcome

Myerowitz et al.25 (1975) 61 Female 55 d Lungs, US KB1histopathology1PCR Not specified Death
Ardehali et al.26 (2001) 45 Male 6 yr Lungs, heart, liver,

US, GI tract
KB1histopathology1PCR Not specified Death

Emovon et al.27 (2003) 46 Female 2 yr US KB1histopathology Ribavirin1IVIg Recovered
Saquib et al.23 (2009) 68 Male 26 d Lungs, US KB1histopathology1PCR Cidofovir1IVIg Retransplantation
Barraclough et al.28 (2009) 68 Male 2 wk US KB1histopathology1PCR Cidofovir1IVIg Recovered
Gaspert et al.29 (2009) 64 Male 2 mo US KB1histopathology1PCR Not specified Kidney function

not recovered
Kozlowski et al.30 (2010) 44 Male 12 d US KB1histopathology1PCR Valganciclovir Recovered
Watcharanana et al.10 (2011), case 1 32–67 Not specified 4 wk US PCR Not specified Recovered
Watcharanana et al.10 (2011), case 5 32–67 Not specified 4 wk US PCR Cidofovir1IVIg Recovered
Watcharanana et al.10 (2011), case 6 32–67 Not specified 4 wk US PCR Not specified Recovered
Watcharanana et al.10 (2011), case 7 32–67 Not specified 4 wk US PCR Not specified Recovered
Varma et al.31 (2011) 57 Male 11 d US KB1histopathology1PCR IVIg Recovered
Sujeet et al.32 (2011) 65 Female 3 yr US KB1histopathology1PCR Cidofovir Recovered
Parasuraman et al.13 (2013) 44 Male 22 d US KB1histopathology1PCR Cidofovir1IVIg Recovered
Dawood et al.33 (2014),

case 1
70 Male 27 mo US KB1histopathology1PCR Cidofovir1IVIg Recovered

Dawood et al.33 (2014),
case 2

60 Male 4 wk US KB1histopathology1PCR Cidofovir1IVIg Recovered

Lachiewicz et al.34 (2014) 20 Female 6 mo US KB1histopathology1PCR Cidofovir1IVIg Recovered
Rady et al.35 (2014) 63 Male 6 wk US KB1histopathology1PCR GCV1IVIg Recovered
Park et al.36 (2015) 32 Female 10 mo US KB1histopathology1PCR Ribavirin1IVIg Recovered
Hatlen et al.1 (2016) 45 Male 6 wk Lungs, US KB1histopathology1PCR IVIg Recovered
Veer et al.21 (2017) 65 Female 1 yr Lungs, US KB1histopathology1PCR IVIg Recovered
Barros Silva et al.14 (2017) 38 Male 18 mo US, GI tract KB1histopathology GCV1IVIg Recovered
Seralathan and Kurien7 (2018) 37 Male 4 mo US, lungs KB1histopathology1PCR Valganciclovir Recovered
Pettengill et al.37 (2019) 36 Male 1 mo US KB1histopathology1PCR Cidofovir1probenecid Recovered
L Moreira et al.15 (2019) 40 Male 17 d US1GI tract KB1histopathology1PCR Valganciclovir Recovered
Al Qa'qa et al.38 (2020) 66 Male 17 mo US, skin KB1histopathology1PCR Reduction of IS Recovered
Thorne et al.20 (2020) 61 Male 7 mo US KB Reduction of IS Recovered
Watanabe et al.39 (2021) 52 Female 21 mo US KB1histopathology1PCR Valganciclovir Recovered
Sanathkumar et al.40 (2021) 45 Male 16 d US KB1histopathology1PCR IVIg Death
Ahmed et al.41 (2021) 56 Male 2 wk US KB1histopathology1PCR Cidofovir Hemodialysis
Fujita et al.42 (2023) 40 Male 4.5 yr US, GI tract KB1histopathology1PCR IVIg Recovered
Lum et al.43 (2023) 30 Male 16 mo US, lungs KB1histopathology1PCR Cidofovir1probenecid Recovered
Lilley et al.16 (2023) 51 Male 45 d US KB1histopathology Cidofovir1GCV1IVIg Recovered
Jagannathan et al.5 (2023) 29 Male 72 d US, GI tract KB1histopathology1PCR Reduction of IS1IVIg Recovered
Jagannathan et al.5 (2023) 44 Male 4 yr US KB1histopathology1PCR Reduction of IS1IVIg1

cidofovir
Recovered

Jagannathan et al.5 (2023) 76 Male 8.5 mo Non specific KB1histopathology1PCR IVIg1cidofovir Death
Jagannathan et al.5 (2023) 18 Male 32 dias Asymptomatic KB1histopathology1PCR IVIg1PD Kidney function

not recovered
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Table 5. (Continued)

Author (Year) Age (yr) Sex Time after
Transplant

Organs or Systems
Involved Diagnostic Test Treatment Outcome

Jagannathan et al.5 (2023) 60 Male 1.8 yr US KB1histopathology1PCR Reduction of IS1IVIg Kidney function
not recovered

Jagannathan et al.5 (2023)5 50 Male 3 yr US KB1histopathology1PCR Reduction of IS Kidney function
not recovered

Jagannathan et al.5 (2023) 39 Female 4 mo US KB1histopathology1PCR Reduction of IS1IVIg Recovered
Jagannathan et al.5 (2023) 22 Male 2.5 yr US, GI tract KB1histopathology1PCR Reduction of IS1cidofovir Recovered
Jagannathan et al.5 (2023) 50 Male 12.5 yr Asymptomatic KB1histopathology1PCR Reduction of IS Recovered
Jagannathan et al.5 (2023) 34 Male 1.8 yr US, GI tract KB1histopathology1PCR Reduction of IS1IVIg

1valganciclovir
Recovered

Jagannathan et al.5 (2023) 57 Male 8 mo Non specific KB1histopathology1PCR IVIg Recovered

GCV, ganciclovir; GI, gastrointestinal; IS, immunosuppressant; IVIg, intravenous Ig; KB, kidney biopsy; PD, prednisone; US, urinary system.
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One patient (case 1) did not receive antivirals, Igs, or
reduction of immunosuppression. This is justified by the
fact that this was the first case of AdVN to occur in our
research center, and therefore, there was no high suspicion
for this diagnosis. The clinical course was unfavorable,
requiring allograft nephrectomy during the course of the
disease.
All patients underwent empiric broad-spectrum antibi-

otic therapy (the most frequent drugs used in antibiotic
schemes were meropenem and teicoplanin) after the onset
of urinary symptoms associated with graft dysfunction,
given the initial suspicion of bacterial infection of the
kidney graft. There was no improvement in clinical labo-
ratory parameters with this therapy.
Our literature review included 44 patients of AdVN

(Table 5). Among the 40 patients whose sex was spec-
ified in the original study, 32 were male. The average
age at the onset of the disease was 47.8 years. The
average time between KT and the onset of the condition
was 17.2 months, ranging from 11 days to 12 years. In
26 patients, the symptoms occurred only in the urinary
system, and the respiratory system was affected in seven
patients. The other affected systems were the gastroin-
testinal tract and cutaneous system. One of the patients
had diffuse involvement (respiratory, urinary, gastroin-
testinal system, liver, and heart), and only two patients
were asymptomatic.

Discussion
AdVN is a rare condition whose diagnosis was suspec-

ted after acute allograft dysfunction that did not respond to
antibacterial therapy and had a favorable prognosis in
most of the patients. Our results can be summarized in
four elements: (1) the clinical manifestation of this condi-
tion is nonspecific, and KB played an essential role in
establishing its diagnosis; (2) the most specific histopath-
ological finding was interstitial nephritis with a granulo-
matous pattern; (3) the therapy used was varied among
observed cases and included reduction of immunosuppres-
sion and use of antivirals and intravenous human Igs; and
(4) the evolution was favorable in most patients, and there
was recovery of kidney function 3 months after the disease
onset.
AdVN is an infrequent, but very relevant, complication

in patients undergoing KT. It presents potential unfavor-
able outcomes in terms of kidney dysfunction and even
survival for the patient.10 The nonspecific nature of its
clinical manifestations (often overlapping with other more
common infections in transplant recipients) creates the
need to improve timely diagnosis (such as its clinical
behavior and histopathological characteristics).10

The pathogenesis of AdVN and the severity of the
clinical presentation depend on the interaction of factors
related to the allograft receptor, the virus in question (in-
cluding its serotype), and the type of immunosuppression
instituted.12 Human infection by AdV most commonly
occurs through subgroup B—normally serotypes 7, 11,
34, and 35. The last three are strongly associated with
hemorrhagic forms of the infection (such as cystitis and
necrotizing interstitial nephritis).3 There is no established
relationship between AdV infection and allograft rejection,

but it is likely that these two elements are indirectly
related.4 It is possible that pathogenesis begins with im-
munosuppression, facilitating infection or reactivation of
latent infection. Next, acute rejection may be the primary
aggressive factor in allograft, and viral replication in tissue
already subjected to injury is then facilitated.4 Another
possibility is the reduction of immunosuppressive therapy,
an important factor in the treatment of AdVN, is the trigger
for acute rejection of allograft.4

Reducing immunosuppression is a key element in the
treatment of AdVN.7 There are reports in the literature of
significant recovery of kidney function by only reducing
the intensity of immunosuppression.7

In our series of cases, the diagnosis was made by com-
bining at least one direct finding (IH, EM, and PCR in
urine) and one indirect finding (histopathology) of AdV
infection in allograft. In our center, performing PCR for
AdV in urine is not routine in patients with acute allograft
dysfunction. There is intense heterogeneity regarding the
diagnostic criteria for AdVN in the literature. Diagnostic
tools include clinical elements (in general, urinary tract
symptoms11), histological,4 and, especially, methods that
allow the detection of the genetic material of the virus
(evidenced by positive immunohistochemical staining for
AdV in a kidney fragment14), and positive viruria and/or
viremia,15 among others. Among these, RT-PCR in urine is
the most sensitive, but its specificity is limited because
there may be asymptomatic viremia in the first year after
KT, but there are no recommendations in the current
literature for monitoring or treating asymptomatic vire-
mia.7 The detection of genetic material from the virus in
blood does not occur in all patients with AdVN and is not
used in isolation for the diagnosis of this condition.16 KB
is fundamental in the diagnosis because it helps in the
etiological diagnosis and exclusion of other differential
diagnoses.7,16

On KB, the main EM finding in AdVN in transplant
recipients is the presence of smudge-type inclusion bodies
within the nuclei of tubular epithelial cells.17 These inclu-
sions are specific for AdV and appear as dark, basophilic
material with blurred margins, and it may be associated
with viral inclusion bodies, cellular damage, and immune
complex deposition.17

The diagnosis is most commonly confirmed using
viral PCR, identifying known AdV serotypes. Further-
more, quantitative PCR can also be used to monitor the
therapy used.4 However, the sensitivity of direct detec-
tion of antigens through rapid tests is not sufficient to
diagnose immunocompromised patients, such as trans-
plant recipients.18

The presence of AdV in KT recipients is relatively com-
mon, with positive viremia in approximately 6.5% and
viruria in 11%13 of patients in the first year after KT.12

The reported incidence of infection in KT recipients is 4.1%,
with the majority resulting from reactivation of latent in-
fection.13 Allograft involvement, on the other hand, is a
rare condition, but potentially causes worse outcomes. It is
also known that disseminated infection in immunocom-
promised patients is fatal in more than 60% of patients.19

AdV graft infection should be considered when the patient
presents with allograft dysfunction, hematuria, and sterile
pyuria.13 Among the biopsy findings, the tubulointerstitial
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granulomatous pattern is the most characteristic finding of
AdVN and is particularly rare in other viral infections of
the graft.19

The average time of onset of AdVN after KT identified
by Watanabe et al.39 was 6 weeks, different from our study.
On the other hand, the most prevalent symptoms described
in this same study are similar in prevalence to those seen in
our patients—hematuria (94.7%), fever (88.9%), dysuria
(80%), and AKI (97.7%).
In our literature review, AdVN diagnoses were estab-

lished by combining KB, histopathology, and AdV RT-PCR.
Other diagnostic strategies used were performing allograft
biopsy with histopathology, PCR for AdV, and allograft
biopsy with IH, each of these alone. The therapeutic regi-
mens reported were antivirals (especially cidofovir, ganci-
clovir, and valganciclovir), intravenous Igs, reduced immu-
nosuppression, and combinations of these elements. There
have also been reported patients in which specific therapy
for the disease was not instituted. The clinical course was
favorable in 34 of the reported patients (77.2%), a number
similar to that seen in our study (85.7%). In all five cases
(11.3%) in the literature in which there was no specific
therapy, a favorable evolution was observed, which is not
in line with the outcome observed in the only patient in our
study in which there was no specific therapy (Table 5).
The primary goal of AdVN treatment is to reduce viral

replication and preserve graft function. Immunosuppres-
sion reduction is often the cornerstone of treatment.21 A
careful reduction of immunosuppression is essential to
control viral replication while minimizing the risk of re-
jection.21 However, abrupt withdrawal can lead to graft
rejection, so we recommend that this should be done
gradually under close monitoring. In Brazilian centers'
experience, discontinuation of mycophenolate or azathio-
prine has been shown to be useful in controlling viremia or
viruria. In severe cases, maintenance of corticosteroid ther-
apy alone may be necessary.
There is limited evidence supporting the use of antivirals

for AdVN, usually based on case reports.15 Cidofovir has
been used in some patients, but its efficacy is uncertain, has
significant side effects, and is not available for use in
Brazil.4 Other antivirals, such as ganciclovir, have been
explored and the use of Igs or plasmapheresis in severe
cases, all with uncertain efficacy.22–24

We recommend close monitoring for symptoms of
AdVN in post-KT patients, such as fever and gross hema-
turia. Monitoring AdV DNA levels in blood or urine can
help assess disease progression and response to treatment.
There are no data to support evidence on the best method
of monitoring therapeutic strategies. However, it is ac-
cepted that the combination of resolution of hematuria
and fever, associated with a drop in urinary or blood viral
load, is necessary as a monitoring strategy.
The main strength of this report is the detailed case

series, enriched by the histopathological description, and a
literature review on AdVN, contributing to the knowledge
of this rare entity. The histopathological findings are sum-
marized, highlighting the most frequent findings in AdVN-
confirmed biopsies, which helps the kidney pathologists
favor this differential diagnosis. The comprehensive review
identifies patterns of clinical and laboratory presentation
and progression, along with different therapeutic choices.

A limitation of our study was the absence of a single
protocol for the diagnosis and treatment of patients with
AdVN. Some diagnostic resources were not available at the
time of suspicion of AdVN. This limitation may result in
underdiagnosis.
It is noted that AdVN after KT is a rare condition that

potentially causes morbidity and negative outcomes in
patients. It is a disease whose diagnosis is challenging,
and KB plays a key role in confirmation and in ruling out
other differential diagnoses. There is still not a consensus
for the treatment of AdVN in the current literature, and the
main elements of the therapeutic arsenal are antivirals,
human Igs, and reduced immunosuppression. The prog-
nosis was favorable in most cases in our study and in the
literature.
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