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ABSTRACT

Introduction: Urinary cytology has been used as a monitoring strategy for kidney transplant patients, live under chronic
immunosuppression, as it is a non-invasive and low-cost method. The early detection of infections can prevent possible dysfunction
and graft loss. However, its use has been decreased. Methods: We conducted a prospective study on voided urine samples from 29
consecutive patients undergoing kidney transplantation over a continuous period of 17 months, collected during their first-year post-
transplantation. One technician prepared the samples by cytocentrifugation, Papanicolaou staining, and one pathologist analyzed
them. Decoy cells (DCs) positive samples were prepared, by other two technicians, for contrast phase analysis, ultrastructural
study, and immunofluorescence for SV40 T antigen. Results: We evaluated 252 urine samples from 26 patients. Two consecutive
samples (0.8%) out of five, from the same patient (3.8%), referring to the fourth- and fifth-week post-transplant, showed low-
grade squamous intraepithelial lesions; only rare epithelial cells with atypia of undetermined significance were detected (0.4%) in
the sample corresponding to the sixth month post-transplant. The patient’s subsequent gynecological examination and Pap smear
revealed no changes. Pseudohyphae and fungus yeasts were found in five samples (2.0%) from four patients (15.4%). T¥ichosporon sp.
was identified in the urine of one of these patients. Decoy cells were detected in 25 samples (9.9 %) from six patients (23.1%).
Two patients had sustained DCs shedding; one of them, presenting dirty background smears, developed Polyomavirus-associated
nephropathy. Ultrastructural study of DCs showed icosahedral viral particles. Immunofluorescence (SV40 T antigen) was positive
in DCs nuclei. Analysis by contrast phase was successful in samples with numerous DCs. Conclusion: Systematic urinary cytology
after transplantation helps detect some infection signs. Patients with sustained DCs shedding and dirty background smears deserve
special clinical attention. Electron microscopy and immunofluorescence (SV40 T antigen) are alternative techniques to detect
polyomavirus reactivation. The findings suggest that urinary cytology still plays a role in kidney transplantation.

Descriptors: Urinary Sediment Analysis; Kidney Transplantation; Opportunistic Infections; Diagnosis; Cytology; Biological
Monitoring.

Existe Ainda um Papel para a Ciz‘ologia Urindria no Tmnsplante
Renal? Relato de Experiéncia em um Hospiml Universitdrio
RESUMO

Introdugio: A citologia urindria tem sido utilizada como estratégia de monitoramento dos pacientes transplantados renais, que vivem
sob cronica imunossupressio, por ser um método nio invasivo e de baixo custo. A detecgio precoce de infecgbes pode prevenir possiveis
disfungdes e perda do enxerto. No entanto, a sua utiliza¢io tem decrescido. Métodos: Realizamos um estudo prospectivo em amostras
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de urina provenientes de 29 pacientes consecutivos, submetidos ao transplante renal ao longo de um periodo continuo de
17 meses, coletadas durante seu primeiro ano pés-transplante. Um mesmo técnico preparou as amostras por citocentrifugagio,
coloragio de Papanicolaou e um tnico patologista as analisou. Amostras positivas para “decoy cells” (DCs) foram preparadas por
dois outros técnicos, para andlise por microscopia de contraste de fase, estudo ultraestrutural e imunofluorescéncia (antigeno
T SV40). Resultados: Foram avaliadas 252 amostras de urina de 26 pacientes. Duas amostras consecutivas (0,8%) dentre
cinco, de uma mesma paciente (3,8%), referentes 4 quarta e quinta semana pés-transplante, apresentaram lesio intraepitelial
escamosa de baixo grau; na amostra referente ao sexto més pds-transplante foram detectadas apenas raras células epiteliais
com atipias de significado indeterminado (0,4%); o posterior exame ginecolégico da paciente e teste de Papanicolaou nio
revelaram alteragdes. Pseudohifas e esporos fngicos foram encontrados em cinco amostras (2,0%) de quatro pacientes (15,4%).
Trichosporon sp. foi identificado na urina de um desses pacientes. Decoy cells foram detectadas em 25 amostras (9,9%) de seis
pacientes (23,1%). Dois pacientes tiveram eliminagio sustentada de DCs; um deles, apresentando esfregago de fundo sujo,
desenvolveu Nefropatia associada ao poliomavirus. O estudo ultraestrutural das DCs mostrou particulas virais icosaédricas.
A imunofluorescéncia (antigeno T SV40) foi positiva nos nicleos das DCs. A anilise por microscopia de contraste de fase
foi bem-sucedida em amostras com numerosas DCs. Conclusio: A citologia urindria sistemdtica apds o transplante ¢ ttil na
detecgio de alguns sinais de infecgdo. Pacientes com eliminagéo sustentada de DCs e esfregacos de fundo sujo merecem atengio
clinica especial. A microscopia eletronica e a imunofluorescéncia (antigeno T SV40) sio técnicas alternativas para detectar a
reativagdo do poliomavirus. Os resultados sugerem que a citologia urindria ainda desempenha um papel no transplante renal.

Descritores: Anilise do Sedimento Urindrio; Transplante de Rim; Infecgdes Oportunistas; Diagnéstico; Citologia;
Monitoramento.

INTRODUCTION

Renal transplant patients are exposed to the action of several pathogens due to their immunosuppressive state."? Infections can cause
chronic dysfunction and loss of graft.** Urine cytology is a noninvasive and low-cost technique that favors serial examinations.””
It can offer important information about the health of the renal graft; so it can be an efficient way of monitoring these patients,
providing the detection of different infectious agents.®

Polyomavirus BK (BKV) reactivation can be diagnosed by the detection of decoy cells (DCs) in urine tests.””'° Identification
of DCs allows the selection of patients who are more prone to develop BKV-associated nephropathy (BKVAN), a condition
that can lead to loss of graft function in up to 5% of renal transplant patients." Cytomegalovirus (CMV), Herpesvirus, Human
papillomavirus, and Candida sp. are other pathogens that can be effectively diagnosed in urine by sediment exam.>*!>!3

However, nowadays, urinary cytology has been less explored in transplant centers, possibly due to the greater accessibility to
molecular diagnostic techniques.Our objective is to investigate urinary cytopathological findings in a group of patients, during

their first year after kidney transplantation.

METHODS

We conducted a prospective study on urine samples from 29 consecutive patients submitted to kidney transplant at the Hospital
Universitario Antonio Pedro, Rio de Janeiro state, Brazil, in a period of consecutive 17 months. The voided urine samples were
collected during their first-year post transplantation, on follow-up consultations at the kidney transplant outpatient clinic of
the Hospital Universitario Antonio Pedro. Three technicians were responsible for preparing the samples and one pathologist
analyzed them.

This study protocol was reviewed and approved by the Ethics Committee of Universidade Federal Fluminense. Reference number
24490913.9.0000.5243 (trial: 506.290). Written informed consent was obtained from each patient for the publication of this
research and any accompanying images.

The first morning urine was collected, and a 15 ml aliquot was immediately processed. Urine was centrifuged at 3,000 rpm
for 10 min. The sediment button was suspended in a small volume of urine. Three slides from each patient were prepared, after
cytocentrifugation at 900 rpm for 3 min. Cytospin smears were fixed in ethyl alcohol and stained with Papanicolaou staining.
Samples were analyzed for fungus and viral cytopathic effects. Decoy cells were identified according to the description of Singh
et al." and quantitatively evaluated in 10 contiguous high-power fields (HPF), in the most cellular smear.

Samples presenting only a few epithelial cells (<5/cytospin) with mild nuclear changes were called suspicious, but not diagnostic
of DCs. Decoy cell positive samples were prepared for phase contrast microscopy analysis: 10 ml of urine was centrifuged at
2,000 rpm for 5 min and a smear was prepared from a drop of the sediment. Two samples with abundant DCs were prepared for

ultrastructural study and indirect immunofluorescence for SV40 T antigen. Ultrastructural study: 1 ml of sediment was fixed in
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1 ml of 5% glutaraldehyde in 0,2 M sodium cacodylate buffer and included in Araldite resin, after processing. Grids were prepared
with 70 nm sections, contrasted with 5% uranyl acetate and lead citrate. Indirect immunofluorescence: fixed cytospin smears were
incubated with Mouse Monoclonal Antibody Anti-SV-40, clone MRQ-4 (Cell Marque, California USA, dilution 1:200), and Goat
anti-Mouse IgG (H+L) Highly Cross-Adsorbed Secondary Antibody Alexa Fluor™ Plus 488 (Invitrogen, USA, dilution 1: 200).
The slides were finalized with DAPI (4)6-diamidino-2-phenylindole) mounting medium.

RESULTS

Three of the 29 patients were excluded from the analysis, because they did not contribute urine samples, due to the death of one
and loss of graft by renal vein thrombosis in two of the patients. A total of 252 urine samples were obtained from 26 patients (mean
age 44.3+14.5). Fourteen (53.8%) were males and twelve (46.2%) were females. Urine samples ranged from one to 16 samples per

patient, with an average of 9.7+4.1 samples per patient (Fig. 1).
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Figure 1. Distribution of 252 urine samples from 26 patients

A total of 207 samples (82.1%) presented normal findings. The remaining 45 (17.9%) presented cytological abnormalities
(Table 1): Low-Grade Squamous Intraepithelial Lesion in two consecutive samples from a female patient in second month (fourth

and fifth weeks) post-transplantation. The same patient had two normal samples in first month post-transplant, and a few Atypical

Squamous Cells of Undetermined Significance in the sixth month after transplantation.

Table 1. Cytological abnormalities in urine samples from renal transplant patients

Cytological abnormalities Is\?rjglsezs I;?tf;t;

Low-Grade Squamous Intraepithelial Lesion / Human papillomavirus 2 (0.8 %) 1(3.8 %)
Atypical Squamous Cells of Undetermined Significance 1(0.4 %) 1(3.8%)
Inconclusive for decoy cells 8(3.2%) 5(19.2 %)

Decoy cells 25 (9.9 %) 6(23.1 %)

Yeasts 4 (1.6 %) 3(11.5 %)

Pseudohyphae and yeasts 5 (2.0 %) 4 (15.4 %)

Source: Elaborated by the authors.

Six patients (23.1%) presented DCs-positive samples, comprising 25 samples (9.9%). Five patients (19.2%) presented samples
with a significant number of DCs (>10/10 HPF). Four of them (15.4%) had sustained DCs shedding (for more than four weeks)
and had the first detection of DCs within the first three months after transplantation.

Phase-contrast microscopy revealed easily identifiable DCs, with a huge ground glass nucleus. Some DCs presented inclusion
body as a dark and ill-defined core. The delicate clear area involving the inclusion body, presented as a shiny halo, was especially
identifiable when the micrometric screw is rotated. We observed that the cellular morphology appeared to be more preserved at
phase contrast microscopy, with well-defined cellular and nuclear contours, in contrast with the corresponding samples stained
with Papanicolaou.

Five of six patients with DCs shedding had samples with a clean background, free of inflammatory cells or cell debris, on
Papanicolaou staining. In contrast, the sixth patient had many DCs in all his 11 urine samples, collected from the third month to
the first-year after transplantation, presenting a dirty background, full of leukocytes, cell debris (Fig. 2a), and casts of DCs, which
were also observed by phase-contrast microscopy (Fig. 2b).

The ultrastructural exam was performed on two different samples from this same patient. The first sample, at the ninth month

after transplantation, revealed degenerated DCs and a great number of isolated or aggregated icosahedral viral particles in the
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extracellular space, cytoplasm, and nucleus. Decoy cells showed huge nuclei with clumped chromatin at the nuclear periphery and
viral particles more centrally located in the fragmented and rarefied chromatin residue (Fig. 2c).

The second sample, collected one year after transplantation, when BKVAN was diagnosed, showed a higher number of DCs
presenting marked signs of degeneration, plentiful intranuclear viral particles. Sometimes in a crystalloid pattern, placed in the
center or periphery of the nucleus, close to the nuclear membrane. The cytoplasm revealed some swollen mitochondria and viral
particles involved in cellular membranes. The extracellular space showed viral particles isolated or arranged in small low cohesive
aggregates intermingled with cellular debris. Indirect immunofluorescence revealed DCs with double nuclear positivity for the
DAPI and SV40-T antigen (Fig. 2d).

100 pm

Source: Elaborated by the authors.
Figure 2. a) Decoy cells in a smear with dirty background - Pap Stain; b) Decoy cells cast - phase contrast
microscopy; ¢) Degenerated decoy cell with “empty” nuclei and viral aggregates (arrows) - transmission
electron microscopy. d) Decoy cell nuclear positivity for SV-40 - immunofluorescence

Two samples, from the same patient, presenting pseudohyphae and yeasts, showed some rounded yeasts, a bit larger than the
also present classical oval ones, sometimes arranged in small aggregates, from within abundant pseudohyphae, eosinophilic or
refractive, poorly, or not stained by Pap stain (Fig. 3a). This pattern was also observed with Grocott and Periodic Acid-Schiff
stains (Fig. 3b, ¢). The rounded yeasts showed a gentle halo on direct examination with the preparation of the China ink (shown
in Fig. 3d). Culture in Sabouraud 2% agar and Mycosel agar grew numerous white, wrinkled yeast colonies, consistent with
Trichosporon sp (Fig. 3e, f). The API 20 C AUX 5.0 System (ControlLab, R]) identified Trichosporon mucoides.

Source: Elaborated by the authors.

Figure 3. a) Small aggregates of rounded unstained yeasts (arrow) - Pap Stain (400x). b) Pseudohyphae and
yeasts — Grocott (400x); c) Pseudohyphae and yeasts — Periodic Acid-Schiff Stain (400x); d) Rounded yeasts
with a gentle halo on the direct examination - China ink preparation; €) Numerous white, wrinkled, yeast
colonies - Culture in Sabouraud agar 2% and Mycosel agar; f) Colorless reverse of yeast colonies.

DISCUSSION

Viruses are one of the most common opportunistic infectious agents in renal transplanted patients, often resulting from the
reactivation of the host’s latent infection. Immunosuppression, antirejection therapy, inflammation, and tissue injury are conditions

that can contribute to viral reactivation after transplantation.'?
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We found DCs in 25 samples (9.9%) from six patients (23.1 %). Decoy cell shedding in kidney transplant varies between
17.9% and 28.6% of the patients, in different studies,**" with the first detection around the second and third months after
transplantation'®'” up to the fourth month after transplantation.” In fact, four (66.7%) out of six DCs-positive patients started
DCs shedding in the first three months post-transplant. When the charts were reviewed, we observed that all the six DCs-positive
patients presented some clinical event before the period of shedding: two patients were submitted to graft biopsies presenting
Calcineurin inhibitor nephrotoxicity and Acute T-Cell Mediated Rejection. Four patients presented positive antigenemia for
CMYV (pp65); one of which developed CMV nephritis diagnosed by graft biopsy.

The patient who presented HPV reactivation in the second month after transplantation developed graft dysfunction in the
first month after transplantation. The graft biopsy was suspicious of acute rejection mediated by T cells with multifocal tubular
necrosis. These findings corroborate the proposition that some conditions predispose to viral reactivation in the post-transplant
period. Her subsequent gynecological exam and pap smear sample did not present any specific abnormality.

Four of six patients presented sustained DCs shedding. Two of them stood out: one patient presented a mean of 104 DCs/10
HPF in six of his samples, over 16 weeks, in a clean smear background. The other presented a mean of 71 DCs/10 HPF in eight of
his samples, over 45 weeks, in an always dirty background, with leukocytes, red cells, and cellular and acellular casts. This patient
was the only one to develop BKVAN, diagnosed one year after transplantation, when graft biopsy was indicated, after an abrupt
increase in serum creatinine. The presence of a necroinflammatory background in DCs-containing urine samples can accurately
identify patients with active nephritis, although this observation is not specific by itself.'**' The negative predictive value of DCs
for BKVAN is 100%, although the positive predictive value is around 25%.%% The positive predictive value can be increased if
other information is considered, such as dirty smear background, graft function, sustained DCs shedding (more than six weeks)
and detection of DCs casts.®!*#*2

The identification of DCs using phase contrast microscopy has been highlighted as a more effective strategy than conventional
cytopathology examination, in terms of cost and time, in the hands of trained professionals.® Phase-contrast microscopy of the
samples with many DCs provided us with the opportunity to train and gain experience in DCs identification. This technique
turned out to be simple to perform and easy to detect cytological changes by a trained professional. Poloni et al.? stress the
value of recognizing macrophage morphology, which can be quite variable and may be mistaken for DCs, by a less experienced
professional. For us, the fine adjustment with the micrometric screw was of great help in defining the nuclear contour and
observing the delicate refractive halo, observed around most nuclear inclusions.

Immunofluorescence and electron microscopy are techniques with good correlation to cytopathological examination in the
detection of DCs antigens and viral particles. They can be used in diagnostic routines, especially in cases with poor cellularity
or lack of conclusive data for DCs.** In our experience, fluorescence microscopy with the SV40 marker for polyomavirus was
effective in the detection of viral antigens. The use of DAPI was important for nuclear identification and control of fluorescent
signal location, to avoid misinterpretation with nonspecific deposits. We performed an ultrastructural exam on a urine sample
from a patient in the course of BKVAN. Electron microscopy of voided urine has been considered a non-invasive technique for
the diagnosis of BKVAN by the detection of ‘Haufen, defined as polyomavirus cast-like aggregates;?® however, we used a standard
method for sample preparation, not the negative contrast technique, with the specific technical details developed by Singh et al.8
Also, the cast-like viral aggregates we found were little cohesive and associated with cytoplasmic debris, contrasting with the
definition of ‘Haufen’

Fungi, especially from the genera Candida, are important causative agents of infection in the urinary tract in post-transplant
patients. Selvaggi® reported Candida sp. in 3.2 % of 7116 urinary samples from renal transplant patients. Most of the time, the
treatment is useless due to the low clinical repercussions.” We found nine samples (3.6%) presenting yeasts morphologically
suggestive of Candida sp. We found a sample with slightly different-shaped yeasts associated with abundant pseudohyphae.

It was the only one submitted to culture, characterizing the growth of Trichosporon mucoides. The Trichosporon spp. has been
considered an emergent opportunistic agent and can represent the second or third most common nonCandida yeast infections
causing invasive disease in patients with hematologic cancer® or in other contexts of immunosuppression, organ transplantation,
and various conditions of debilitating diseases.’"*

Risk factors for this kind of infection are similar to Candida sp. and include neutropenia, immunosuppression, and loss of
mucosal surface integrity. Bloodstream infection, sometimes combined with pneumonia and/or skin lesions, is a common
clinical feature.”? The patient was treated with fluconazole and itraconazole but evolved with a respiratory infection, decreased
level of consciousness, and death. It is very difficult to distinguish morphologically the genera Candida and Trichosporon.
Electron microscopy and special stains such as Alcian blue and colloidal iron can help their distinction in tissue samples;* however,
the criteria are difficult to apply and reproduce. Microbiological tests are indicated to classify the fungus and choose the most

effective medication in cases with clinical signs of urinary tract infection.
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CONCLUSION

The results indicate that the first six months after transplantation appear to be critical in terms of reactivation of latent viral
infections; hence the importance of systematic urinary monitoring, especially during this period.

Sustained DCs shedding and smears with a dirty cytological background can indicate a risk of BKVAN development, even in
the absence of clinical graft dysfunction.

Ultrastructural examination and immunofluorescence for the SV-40 antigen in urinary sediment are alternative techniques for
detecting the reactivation of BKV.

Microbiological tests are important in fungus-positive samples from patients with clinical indications of treatment, despite the
morphological aspects of the pathogen. They are essential to correctly classify the fungus and select the appropriate medication.

Urine cytology presents an effective instrument for the diagnosis of viral reactivation in renal transplant patients, particularly
BKV and HPV, as well as for the detection of genitourinary fungi, which can be important threats to the health of the graft.

Taken together, our findings suggest that there is still a role for urinary cytology in kidney transplantation.
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