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Abstract

Background—Acute pyelonephritis (APN) versus acute rejection (AR) is a frequently
encountered diagnostic and therapeutic dilemma in kidney transplants. Variable culture results,
overlapping histologic features, and persistent graft dysfunction despite antibiotics are frequently
encountered. Therefore, we explored the utility of intragraft microRNA profiles to distinguish
between allograft APN and AR.

Materials and Methods—Between 2003 and 2011, we identified 49 patients with biopsy
features of APN, within the first 2 years posttransplant. MicroRNA profiling was performed on 20
biopsies (normal kidney, n=4; unequivocal AR, n=5; features of APN, n=11).

Results—Only 32% (16/49) of the patients had concomitant positive urine cultures at biopsy,
and in 8 of 16 patients, colony count was less than 10° CFU/mL. In 14 of 49 patients, positive
urine culture did not coincide with the biopsy, and in 19 of 49 patients, urine cultures were
negative. On microRNA profiling, good clustering was seen among the normal kidneys and
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among AR biopsies. Among the 11 biopsies with features of APN, 4 biopsies showed good
clustering with a pattern distinct from AR; (these patients recovered graft function with
antibiotics); 7 of 11 biopsies showed heterogeneity in microRNA profiles and variable outcomes
with antibiotic treatment. We identified a panel of 25 microRNAs showing statistical difference in
expression between AR and APN. MiR-99b, miR-23b let-7b-5p, miR-30a, and miR-145 were
validated using qPCR.

Conclusion—Allograft pyelonephritis can be a diagnostic and therapeutic challenge. A gestalt
approach is required. In addition to histology and cultures, differential intragraft microRNA
expression may prove helpful to distinguish APN from AR in renal allograft biopsies.
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Kidney transplantation, being an immunocompromised state, predisposes the recipient to a
variety of bacterial, viral, and fungal infections. Urinary tract infections (UTIs) are common
during the first several months posttransplantation, and these can predispose the patient to
allograft pyelonephritis (1-8). The diagnosis of acute pyelonephritis (APN) in the native
kidney is usually made based on the classic tetrad—fevers, costovertebral angle tenderness,
history of lower urinary tract infection, and microbiological cultures of the urine. The native
kidney is therefore rarely biopsied for APN. However, in the context of renal transplantation
and immunosuppression, the classic clinical features of fever and pain are frequently
subdued, and costovertebral angle tenderness is not an accompanying feature. Blood
leukocyte counts can be altered by immunosuppressive medications. APN in the renal
allograft is therefore often coincidentally discovered on allograft biopsy, and a definitive
diagnosis can only be made if there is positive concomitant urine culture result. Allograft
biopsy and urine culture are the best currently available tools to diagnose APN in the renal
allograft, but both these methods have pitfalls.

Interstitial inflammation with predominance of polymorphonuclear leukocytes (PMNs) and
intratubular PMNs forming microabscesses are considered hallmark histologic features of
APN. However, it is common to find PMNSs in the inflammatory cell infiltrates of acute
rejection (AR) as well. Also, the characteristic finding of neutrophilic tubulitis and tubular
microabscesses in APN may not always be demonstrated in a biopsy because of the focal
nature of these lesions and sampling issues. Thus, histologic features between APN and
acute AR may overlap. Concomitant microbiological urine culture and colony counting by
plating measured quantity of urine on culture plates is used to aid in the diagnosis. Colony
count of 10° colony forming units per milliliter (CFU/mL) is considered to be diagnostic of
true infection (as opposed to contamination by urogenital skin flora) (9). However, we have
encountered cases with low colony counts despite biopsy features of APN in kidney
transplant recipients. This can make the diagnosis of APN in renal allografts difficult. To
further confound the diagnosis, rapid response to antibiotics may not always be achieved
despite histologic findings of APN and positive urine culture results.

The purpose of our study was twofold: 1. to retrospectively assess the degree of correlation
between histologic features of APN on biopsy, and positive urine culture results in
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transplant patients; and 2. to explore the potential for intragraft microRNA profiling to
distinguish between APN and AR. Intragraft miRNA profiling was performed on a subset of
biopsies from our study cohort.

MicroRNAs (miRNAs) are short noncoding RNAs that modulate physiological and
pathological processes by inhibiting target gene expression by inducing mMRNA degradation
and blocking protein translation (10). MiRNAs potentially regulate the expression of
thousands of proteins. The miRNA field is being extensively explored to discover new
diagnostic biomarkers and potential treatments in cancer (11). MiRNA profiling is also
being studied in native kidney disease and renal allografts (12-23, 26, 27, 33, 34).

Review of Biopsies

We identified biopsies from 64 renal allograft recipients, transplanted between 2003 and
2011, in whom the allograft biopsy showed morphologic features of APN—interstitial in
flammation with predominance of neutrophils, tubular infiltration with neutrophils, and
formation of tubular microabscesses (24, 25) (see Figure S1A, S1B, SDC, http://
links.lww.com/TP/A928). Of the 64 recipients, 49 had the biopsy within the first 2 years
posttransplant. For our clinicopathologic study, we focused on these 49 patients. (In the
remaining 15 patients, the diagnostic biopsy was performed after 2 years posttransplant).
Biopsy features, urine culture results, timing of urine culture relative to biopsy, and renal
function at 1-year postbiopsy were assessed (Table 1). Many of these 49 allograft recipients
had more than one allograft biopsies performed within 1 month for persistent graft
dysfunction. We used only the first biopsy (with features of pyelonephritis) for the
clinicopathologic study.

Allograft Biopsy Findings and Urine Culture Results

The diagnosis of APN in the allograft kidney is difficult, and there are no well-defined
criteria as for native kidney pyelonephritis. If there are characteristic histologic features on
biopsy and concomitant positive urine cultures, we considered them as “most likely” APN.
If the histologic features are suggestive of APN, but there are no concomitant positive urine
cultures, we diagnose them as “possible” APN. To consider the urine culture as
concomitant, we used an arbitrary cutoff of 10 days between date of urine culture and date
of the biopsy. Based on this, we classified these 49 patients into three groups for the purpose
of this study.

Group | “most likely APN”—biopsy features of APN and positive urine culture performed
10 days before or after the day of biopsy. Of the 49 patients, 16 (32.6%) fulfilled these
criteria.

Group 11 “possible APN”"—Dbiopsy features of APN, no concomitant positive urine culture
but had positive urine cultures more than 10 days before or after the biopsy. It is possible
that the positive culture so far remote from the biopsy represents a separate episode of
urinary tract infection and does not correspond with the findings in the allograft biopsy.
Even then, the biopsy features cannot be ignored, and therefore, a diagnosis of “possible
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APN” was made. Of the 49 patients, 14 patients fulfilled these criteria. These patients had a
positive urine culture ranging from 13 days to 7 months from the time of biopsy.

Group I “equivocal APN”"—nbiopsy features of APN but no positive urine cultures at all
during the year of the biopsy. Of the 49 patients, 19 patients fulfilled these criteria.

Table 1 shows clinicopathologic and laboratory features of these 49 patients. It is interesting
to note that some biopsies from all three groups showed overlapping histologic features of
AR. Urine cultures with low colony counts were seen. Ten patients had graft loss within 1
year of biopsy, of which, seven were lost within 1 month of the biopsy (see Table S1, SDC,
http://links.lww.com/TP/A928). These were five patients from Group | and five patients
from Group II.

All renal allograft recipients at our institution receive trimethoprim/sulfamethoxazole
(Bactrim) prophylaxis. Most patients from groups | and 11 (and 11/19 patients from group
I11) received additional antimicrobial treatment (usually ciprofloxacin and fluconazole) to
treat episode of possible pyelonephritis, in addition to posttransplant prophylaxis for
infection (Bactrim, nystatin, and vancyclovir).

Escherichia sp., Klebsiella sp., Enterococcus sp., and Enterobacter sp. were the most
commonly found genus in the patients with positive urine cultures. Less common pathogens
seen were Saphylococcus epidermidis (n=2), Serratia marcescens (n=1), Providencia
rettgeri (n=1), Citrobacter koseri (n=1), Candida albicans (n=3), Candida glabrata (n=1),
and Candida lusitaniae (n=1). Candida species were even found alone (without associated
bacterial growth) in five patients. The patient with Candida glabrata on urine culture was
also found to have Mycoplasma by urine PCR testing data not shown.

MicroRNA NanoString Assay Results

The 20 samples analyzed using NanoString assay include 4 preimplantation transplant
biopsies (baseline transplant biopsies B1 to B4), 5 biopsies with unequivocal AR (R1 to R5),
and 11 biopsies with histologic features of APN (11 to 111). The 11 biopsies with histologic
features of APN were chosen from all three groups—group | (n=6; 11 to 16), group Il (n=2;
17, 18), and group 111 (n=3; 19 to 111). These are shown in Table 2.

Unsupervised cluster analysis of the miRNA profiles (using top 100 miRNAs) showed good
intragroup clustering among the baseline allograft biopsies (B1 to B4) and among the AR
biopsies (R1, R2, R3 and R4, R5) (Fig. 1A). Among the 11 biopsies with APN, three
biopsies (12, 13, and 16) clustered together, distinct from AR. All three biopsies were from
group |. These patients had concomitant positive urine cultures, and they did recover graft
function with antibiotic treatment. So these patients probably had unequivocal APN. Patient
with biopsy 11 had similar clinicopathologic characteristics. The miRNA profile of 11 did
not show tight clustering with 12, 13, and 16 but did show similarities (shown in Fig. 1B).
The remaining biopsies with histologic features of APN-14 and 15 (group 1), 17, 18 (group 1)
and 19, 110, and 111 (group I11) showed heterogeneity in the miRNA profiles showing some
similarities to both AR and APN. The miRNA profile of biopsies 14 and 15 appears to cluster
closer to the AR profile. These two patients had concomitant positive urine cultures but
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persistent graft dysfunction despite antibiotic treatment. They underwent repeated biopsies
in quick succession, which showed persistent inflammation and ultimately lost their grafts
within 1 month. Biopsy 18 also appeared to clustered with AR. This patient received
antibiotics without much improvement, requiring a repeat biopsy in 2 weeks, which showed
persistent inflammation. He improved with steroid treatment.

In patient with biopsy 17, urine cultures at the time of biopsy were negative but became
positive 1 month later. He lost the graft within 1 month despite antibiotic treatment. Biopsies
19, 10, and 11 were from group I1l. Urine cultures were repeatedly negative. Patients with
biopsies 19 and 110, both improved on steroids after repeat biopsy 2 to 4 weeks later showed
histologic features of AR. Patient with biopsy 111 expired soon after the biopsy despite
antibiotics. The miRNA profile of 111 appeared closer to AR. MiRNA profile of 110 was
similar to that of 17 and showed similarity to APN profile. 19 did not cluster well with either
AR or APN.

Among the top 100 expressed miRNAS, we tried to identify a panel of miRNAs, which
showed statistical difference in expression between AR profile and APN profile. This was
difficult to do because the APN samples showed such heterogeneity. However, we used the
four biopsies 11, 12, 13, and 16 that clinically behaved as pyelonephritis and compared them
with the five AR biopsies using Student’s t test. A panel of 25 miRNAs was identified
(Table 3). We also compared the five AR biopsies with all the 11 APN biopsies using t test.
Eighteen of the 25 miRs showed statistical difference (shaded). A heat map showing
expression pattern of these 25 miRNAs is shown in Figure 1B. Overall, the AR biopsies
showed lower expression of these miRNAs as compared with the baselines and the APN
biopsies 11, 12, 13, and 16. Biopsies 17 and 110 did show some similarity to the
“pyelonephritis profile.” In biopsies 14, 15, 18, 19, and 111, miRNA expression levels are
lower, probably intermediate between APN and AR or closer to AR.

Five of these miRs were further validated using Tagman gPCR (Fig. 2A). These are
miR-145, miR-23b, miR-30a-5p, miR-99b, and let-7b-5p. The trend is similar to that seen
by NanoString (Fig. 2B), except for biopsy 17. The miRNAs with differential expression
between APN and normal kidneys and between AR and normal kidneys, respectively, are
shown in the supplemental data (see Figure S2 and Table S3, SDC, http://links.lww.com/TP/
A928).

DISCUSSION

Urinary tract infections represent a common problem in patients with renal transplants. The
impact of acute pyelonephritis on prognosis and long-term graft outcome is somewhat
controversial (3, 28-30), not surprisingly though, because of numerous factors
simultaneously affecting long-term graft survival and function. These include delayed graft
function in the posttransplant period, local complications, acute rejection episodes, toxicity
of immunosuppressive drugs, and metabolic factors such as obesity, hypertension, diabetes
mellitus, and recurrent native disease. Another difficulty, in our opinion, is making a
definitive diagnosis of pyelonephritis in renal allografts. Allograft biopsy and urine cultures
are the two most objective criteria currently available, neither one being the gold standard.
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We found that only 32.6% of the biopsies with features of APN had concomitant positive
urine cultures. Even in the culture-positive cases, the bacterial colony counts can be lower
than the usually accepted cutoff of 10° CFU/mL. Uncommon bacterial species can be found
(31) such as Citrobacter koseri and Providencia rettgeri, and sometimes, Candida species
alone can be seen. Despite this, one important finding in our study was that patients with
concomitant positive urine cultures and (even those with positive cultures temporally
separated from the biopsy) had higher rate of early graft loss and rise in mean serum
creatinine at 1 year as compared with culture-negative patients.

Biopsy also has its pitfalls. Biopsy findings of APN and AR can be overlapping and difficult
to distinguish. Limited accuracy due to sampling error, patchy distribution of inflammation
in pyelonepbhritis, and interobserver variability among pathologists are contributing factors.
There are two recent studies highlighting difficulty in the biopsy diagnosis of APN in renal
allografts: Gupta et al. (25) and Mohamed et al. (32). We found that in 24% (12/49) of the
patients, biopsy showed overlapping biopsy features of APN and AR. In addition, six
biopsies in the culture negative group showed predominant acute tubular necrosis (ATN)
with a patchy neutrophilic infiltrate. This may represent mainly ATN with mild associated
inflammation, but it is also difficult to exclude the possibility of a subtle pyelonephritis. The
two conditions can coexist.

Considering all these difficulties, we attempted intragraft microRNA profiling using the
NanoString platform to see if we can find more objective biomarkers to distinguish between
APN and AR in allograft biopsies. This is a preliminary study and the number of biopsies
tested is small. We demonstrated a distinct miRNA profile for normal kidney (baseline
pretransplant biopsies), renal allografts with acute rejection, and allografts with unequivocal
acute pyelonephritis. However, 7 of the 11 biopsies with presumed APN by histology
showed a heterogeneous miRNA profile, probably representing a spectrum between AR and
APN. Some are closer to AR (14, 15, 18, and 111) and some closer to APN (17, 110),
irrespective of urine culture results. Several of these biopsies also had overlapping features
of APN and AR. Three of these patients had early graft loss despite intensive antibiotic
treatment (14, 15, 17). Three patients recovered with steroid treatment (I8, 19, 110). Based on
this, we would like to draw attention to this subset of transplant patients with biopsy features
of APN (and positive cultures at the time of biopsy or subsequently) but poor graft outcome
in the early posttransplant period, despite antibiotics. They usually undergo repeated
biopsies, which show persistent inflammation and overlapping morphologic features of
pyelonephritis and rejection. Whether these patients have concomitant infection and
rejection or the initial episode of pyelonephritis predisposes the graft to subsequent rejection
or they had rejection all along but were misdiagnosed as pyelonephritis is difficult to
determine. Our data suggest that in these patients with overlapping biopsy changes of
rejection and pyelonephritis and poor response to antibiotics, careful anti-rejection treatment
is warranted. However, antibiotics should also be given, particularly in culture-positive
patients. This is a preliminary study. Study on larger sample number is required to
understand possible prognostic subsets of APN based on miRNA profiles. Heterogeneity
however is expected because these are individual human tissue samples, not tissues from
inbred experimental animals.

Transplantation. Author manuscript; available in PMC 2014 July 09.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Oghumu et al.

Page 7

We identified a panel of 25 miRNAs whose expression significantly differed between
rejection and pyelonephritis. We validated five of these miRNASs using gPCR (miR-145,
miR-99b, let-7b-5p, miR23b, and miR-30a). These mMiRNAs were found to be
downregulated in AR as compared with normal kidney and APN. Another recent study
described downregulation of miR-99b, miR-30c, and miR-23b in acute cellular rejection
(23). Interestingly, miR-145 and miR-99b have been implicated in neutrophil differentiation
and are involved in the temporal expression of genes in the different stages of myeloid
maturation. Both these miRNAs are up-regulated in mature stage of peripheral neutrophils
(35-37). In our study, expression of miR-145 and miR-99b was mildly increased in the APN
biopsies compared with baselines, which may be a manifestation of neutrophil-predominant
inflammation in APN. MiR-23b has recently been a focus of study in IL-17 associated
autoimmune disease in humans and mouse models. Overexpression of miR-23b was found
to suppress several proinflammatory signaling pathways including IL-17, tumor necrosis
factor >, IL-1-induced NF-xB, TGF-B-activated kinases and several others in human lupus
and rheumatoid arthritis as well as mouse models (38, 39, 40). Both miR-23b and miR-30a
have been found to be downregulated in inflammatory cells in the lesions of lupus and
rheumatoid arthritis in humans and in mouse models of lupus, rheumatoid arthritis, and
multiple sclerosis (38), thereby causing upregulation of inflammatory cytokines. We found
MiR-23b to be significantly down-regulated in our AR biopsies (but not in APN), probably
triggering alloimmune inflammatory pathways in AR but not in APN. MiR-23b may be a
new therapeutic target for inflammatory autoimmune diseases.

Earlier studies have published a predictive miRNA signature for AR (14, 15). Anglicheau et
al. described significant alterations in let-7c, miR-10a-5p, miR-10b-5p, miR-125a,
miR-30a-5p, miR-30b, miR-30c, miR-142, miR-155, and miR-223 as compared with normal
kidney. We agree with their findings. However, we found that miR-10a-5p, miR-10b-5p,
miR-125a, miR-142, and miR-223 (and 12 additional miRNAS) were similarly altered in
APN as well and did not significantly differ between AR and APN and therefore may not be
exclusive for AR. MiR-21 was also upregulated in both AR and APN. This suggests that
many of the miRNA alterations are not specific to either APN or AR but may be altered in
multiple pathologic conditions of the kidney. MiR-21 is widely studied in models of
interstitial fibrosis and tubular atrophy in the kidney and reported to be overexpressed in
diseased kidneys (34).

In summary, diagnosis of APN versus AR in the early posttransplant period can be difficult.
There is no single gold standard method. As in all aspects of renal pathology, a gestalt
approach including clinical history, biopsy findings, culture results, immunosuppressive
drug levels, C4d staining, and donor-specific antibody results should be used to render the
best possible diagnosis. Patients whose biopsies show over-lapping histologic features and
persistent dysfunction despite antibiotics may portend a bad outcome. Their miRNA profiles
showed a spectrum between that of AR and APN. MiRNA profiling can become a useful
ancillary test but needs extensive validation and optimization. Testing on larger sample
numbers is required to expand on this experience.
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MATERIALS AND METHODS
Biopsies for miRNA Analysis by NanoString Assay

A total of 20 renal allograft biopsy samples were analyzed for miRNA expression. All the
biopsies for miRNA testing were carefully reviewed. We did not include biopsies with
moderate to extensive chronic allograft injury, since that may alter the miRNA profile. The
APN biopsies were from our study cohort. The preimplantation (baseline) biopsies and
biopsies with unequivocal AR were selected from our biopsy archives (see Table S2, SDC,
http://links.lww.com/TP/A928). These served as controls.

MicroRNA NanoString Assay

RNA Isolation—Formalin-fixed paraffin-embedded (FFPE) tissue sections from the
allograft biopsies were deparaffinized using xylene, and total RNA was prepared using the
RNeasy FFPE kit (Qiagen Valencia, CA). Total RNA quality and quantity were assessed by
Nanodrop spectrophotometry (ThermoFisher Scientific, Waltham, MA).

MicroRNA Expression Profiling—The digital multiplexed NanoString nCounter human
microRNA expression assay (NanoString Technologies) was performed with 100 ng total
RNA as input material (24, 25).

Data Analysis

All data analysis was performed using the nSolver software analysis (available for download
from NanoString Technologies). For normalization purposes, we adopted two methods—
geometric mean of the top 100 most highly expressed miRNAs, and global sum method of
stably expressed miRNA. The data were expressed in terms of absolute number of miRNAs
in each sample (24, 25).

The NanoString code set consists of a total of 800 mature human miRNAs. Using the top
100 expressed miRNAs, heat maps were created to show median-centered expression of
each miRNA and clustering pattern between biopsies, using Cluster 3.0 and JavaTreeView
software algorithms. Among the top 100 expressed miRNAs, we identified 25 miRNAs,
which showed statistically significant difference in expression between AR and APN using
Student’s t test (two-tailed, two-sample unequal variance T test, using cutoff P value of
0.05) (Table 3).

Quantitative PCR Validation

Total RNA from the various FFPE samples were reverse transcribed into cDNA and PCR
amplified in triplicates using predesigned primers and probes (Applied Biosystems, Foster
City, CA), with RNU44 and U6 as the normalizing gene. Fold changes were calculated
using the AACt method.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
A, unsupervised hierarchical cluster analysis showing the normalized top 100 expressed

miRNAs in the 20 biopsy samples. Each column represents a biopsy sample. Each row
represents a mMiRNA. The color in each cell reflects the level of expression of the
corresponding miRNA in the corresponding sample, relative to the geometric mean of the
top 100 most highly expressed miRNAs. Increasing intensities of red mean higher
expression, and increasing intensity of green means lower expression. B1 to B4 are
pretransplant baseline biopsies representing normal kidney; R1 to R5 represent unequivocal
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acute rejection (AR); 11 to 111 are biopsies with histologic features of acute pyelonephritis
(APN). 11 to 16 (Group | have positive concomitant urine cultures), 17, 18 (Group Il have
negative concomitant urine cultures but did have positive urine culture one to two months
after biopsy), 19 to 111 (Group 111 have negative urine cultures throughout the year of the
biopsy). The degree of relatedness is represented by the dendrogram at the top of the panel.
There is good clustering among the four baseline biopsies and among the five biopsies with
AR with clearly different profile between normal kidneys and rejection kidneys. Among the
biopsies with presumed APN, the biopsies 12, 13, 16 clustered together, and 11 showed some
heterogeneity. 18, 14, 15, and 111 clustered closer to AR. Biopsies 17 and 110 clustered
together, with some similarities to the APN profile. 19 did not show any specific clustering
with either AR or APN. B, hierarchical cluster analysis heat map showing the panel of 25
differentially expressed miRs between AR and APN (two-tailed, two-sample unequal
variance Student’s t test, using cutoff P value of 0.05). Overall miRNA expression is lower
in AR as compared with baselines and APN. In biopsies 17 and 110, most of these miRNAs
showed expression similar to APN. In biopsies 14, 15, 18, 19, and 111, overall miR expression
was lower, closer to AR.
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FIGURE 2.

A, tagman real-time PCR validation of miR-145, miR-23b, miR-3a, miR-99b, and let-7b-5p.
Fold changes were calculated using the $$Ct method. B, fold change in the miR expression
from NanoString data. Baseline bar includes mean of the B2, B3, and B4. Infection bar
includes mean of 11, 12, 13, and 16 biopsies. Rejection bar includes mean of R1 to RS
biopsies. The remaining bars represent individual biopsies 14, 15, 17, 18, 19, 110, and 111. The
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fold induction or downregulation of miRNAs shows similar trends by both the
methodologies. Only biopsy 17 shows discrepant results. *P<0.05, ** P<0.01, *** P<0.005.
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Clinical and laboratory data on the 49 patients transplanted between 2003 and 2011, with biopsy within two

years post-transplant, showing features of acute pyelonephritis

Group l—positive urine
culture within 10 days
before or after biopsy

Patient characteristics

Group Il—positive urine
culture beyond 10 days
before or after biopsy

Group Il1—urine
culture negative

No. patients (n)

Sex, males; females

Mean age (yr)

Patients with biopsy within 1 month posttransplant
Patients with colony count below 100,000 CFU/mL
Graft loss within 1 yr postbiopsy (death censored)
Baseline serum creatinine before biopsy (mg/dL)
Serum creatinine 1 month postbiopsy (mg/dL)
Serum creatinine 1 yr postbiopsy (mg/dL)

Aserum creatinine (at 1 yr vs. baseline) mg/dl

No. of biopsies with overlapping features of APN and AR

Patients who received antibiotic treatment in addition
to routine prophylaxis for pyelonephritis

16

6; 10
45+13
7 (43%)
8 (50%)
5 (31%)
1.8+1.4
2.9+1.8
2.1+0.8

03

5

14

14 19
5,9 9; 10
46+19 42+15
4(28%) 12 (63%)
4 (28%) N/A
5 (35%) 0
1.8+£1.0 2314
3.3%£1.8 2.13+1.1
2.1+0.4 1.9+1.1
0.3 -0.3
3 4
(6 showed
predominant ATN)
12 11

The biopsy was performed during the first 2 years posttransplant.

CFU/mL, colony forming units/milliliter; AR, acute rejection; ATN, acute tubular necrosis.
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