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Infectious Complications in Pediatric Renal
Transplant Patients
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Abstract

Background: Infections in children with renal transplantation of-
ten lead to fatal complications. This study aimed to evaluate the
incidence and risk factors of infection after renal transplantation, as
well as its impact on graft function.

Methods: The study included 105 children, in two groups based on
the presence of infection within the first 2 years after renal trans-
plantation.

Results: In total, 137 infection episodes were found in 62 (59%)
patients. The number of episodes was 20, 5 and 54 that developed in
months 6, 12 and 24 after transplantation, respectively. There were
72 urinary tract infection episodes. Among patients with pulmonary
infections (16.7%), two had HIN1, one of whom experienced graft
loss and died of sepsis. The aspergillus infection episodes were le-
thal. Infection with BK virus was detected in four patients, all of
whom were asymptomatic, except with decline in glomerular filtra-
tion rate. Seventeen patients developed 25 episodes of cytomega-
lovirus infection.

Conclusions: This study established the incidence of infections and
risk factors in the first 2 years after transplantation at a single center.
Long-term follow-up periods and prospective studies confirming
specific risk factors, preventive measures and impact on graft sur-
vival are necessary.
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Introduction

In children with end-stage renal disease (ESRD), renal trans-
plantation is the most important treatment of choice because
of the better improvement of quality of life observed in pa-
tients compared to any dialysis method.

Infections in renal transplant patients are serious and
often lead to fatal complications [1, 2]. Outcome studies re-
porting on mortality rates and causes of graft loss in pediatric
kidney recipients cite infections as the main cause.

Although the prevalence of infections varies from coun-
try to country, during the first year after renal transplanta-
tion, the prevalence was approximately 80% in the recipients
[2, 3]. Among renal transplant recipients, both children and
adults, urinary tract infection (UTI) comprises the majority
of infections, especially within the first year after kidney
transplantation.

In the literature, there are very few reported studies
about incidence and effect of infections in pediatric recipi-
ents. Also the risk factors of all infections after transplant
have not been well-defined [4].

This study aimed to evaluate the incidence of all infec-
tions in renal transplant patients and to identify the risk fac-
tors associated with infection development, as well as its
impact on graft function.

Methods
Study population

The study assessed 105 medical records of children who un-
derwent renal transplantation in our center between January
1987 and May 2010. This is a retrospective study that estab-
lished the incidence of infectious episodes in recipients in
the first 2 years following transplantation. All patients were
followed up for 2 years, or until death or graft loss if it oc-
curred within the 2 years after transplantation.
Re-transplanted children were excluded from the study.
The presence, number, types of infections and data on age,
sex, donor type, ischemia time and primary causes of ESRD
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Table 1. Basic Characteristics of Patients

Patient characteristics

Patients (n = 105)

Recipient age (mean, years)

Male/female ratio
Body mass index
Underlying disease of renal failure
Nephrologic (n, %)
Urinary (n, %)
Unknown (n, %)
RRT modality before tx: PD/HD/premptive (n)
Cadaveric/living related donor (n)
Mean ischemia time (h)
ICU stay (days)
Central catheterization time (days)
Urinary catheterization time (days)
Double J use (patient number)/usage time (weeks)

Hospitalization time (days)

79 (1.5-18.1)
0.98

185+1.3

(52, 49.5%)

(43, 41%)

(10, 9.5%)
41/47117

56/49

15.3 £ 11.1 (ranges 2 + 25)
2.8+1.6
85+2.1
2.7+0.9

21/4.4 +2 weeks
19.8+5.2

RRT: renal replacement therapy; tx: transplantation; PD: peritoneal dialysis; HD: hemodialysis.

were analyzed. Patients were classified into two groups as an
urologic or a nephrologic, according to the primary cause of
ESRD. Additionally, all infectious episodes (type and time),
graft function, episodes of acute rejection, immunosuppres-
sive drug use, graft and patient survival, and duration of cen-
tral and urethral catheterization were evaluated.

Site, type of infection and culture results were recorded
in all patients. Peripheral blood and urine cultures as mid-
stream catch were obtained in all children during febrile
episodes (> 38 °C). In every infectious episode, glomeru-
lar filtration rate (GFR) was calculated, and proteinuria was
measured from the 24-h collected urine.

Infections

The infectious events were identified by clinical signs and
symptoms, as well as complementary laboratory assessment.
Patients were divided into two groups based on the presence
of infection.

UTI was defined as the presence of dysuria and pol-
lakiuria, accompanied with fever and positive urine culture.
UTIs were evaluated as upper UTIs according to findings of
low urinary osmolality, high acute phase reactants and clini-
cal clues including fever. Infections that occurred during ure-
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thral catheterization or within 24 h of catheter removal were
considered catheter-related UTIs.

Respiratory infections were defined as the presence of
respiratory insufficiency of any severity, accompanied by fe-
ver (temperature, > 38 °C), cough, dyspnea, purulent expec-
toration and radiologic exam revealing interstitial infiltrate
[3, 5]. Upper respiratory tract infections were diagnosed with
> | of the following syndromes: common cold, pharyngitis,
laryngitis, external otitis, otitis media, sinusitis, epiglottitis
and acute bronchitis.

Epstein-Barr virus was detected based on the presence
of viral capsid antigen IgG and viral capsid antigen IgM. The
diagnosis of cytomegalovirus (CMV) disease was based on
the presence of clinical symptoms (fever, malaise, arthral-
gia, myalgia, organ involvement with or without anemia
and bicytopenia) and detection of CMV inclusion bodies in
clinical samples (blood, urine, gastrointestinal tract mucosa
and bronchoalveolar lavage fluid), and proven by anti-CMV
antibody (IgG, IgM with ELISA method), CMV antigen and
DNA PCR for CMV infection [1].

The diagnosis of herpetic infection was based only on
clinical criteria: small vesicles and painful ulcers. Herpes
zoster infection was identified with the presence of typical
papulo-vesicular cutaneous eruptions or vesico-pustular le-
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Figure 1. Number of episodes according to time after transplantation.

sions at specific dermatomes.

Bloodstream infection was proven with positive results
of a peripheral blood culture, with or without fever or other
clinical manifestations.

Prophylactic regimen

All patients were administered a preoperative and postopera-
tive intravenous prophylactic antibiotic regimen. First gener-
ation cephalosporin was administered as a single dose during
the preoperative period and for 4 days during the postop-
erative period. In addition, trimethoprim-sulfamethoxazole,
acyclovir and nystatin were used as prophylaxis during the
first 6 months after transplantation. No prophylactic agents
were used for CMV, except in patients with CMV serology
as donor positive and recipient negative.

Immunosuppression

Immunosuppression consisted of an induction therapy with
basilixumab or anti-thymocyte globulin (ATG) (approxi-
mately 5 days) and 1 g prednisolone with a rapid decrease in
week 1 after transplantation. Maintenance therapy consisted
of corticosteroids, cyclosporine A/tacrolimus (calcineurin
inhibitors) and mycophenolatemofetil/mycofenolate so-
dium. In older patients, corticosteroids, cyclosporine A and
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azathioprine were used in maintenance, but most of them
were switched to mycophenolate. A majority were switched
from calcineurin inhibitors to everolimus/sirolimus. ATG or
a pulse of methylprednisolone was used to treat acute rejec-
tion.

Statistical analysis

The data were analyzed using the statistical software SPSS
version 13.0 (SPSS, Chicago, IL, USA). Chi-square test was
used for comparing categorical variables. For parametric
data, the Mann-Whitney U test and the log-rank test were
used as appropriate. The Kaplan-Meier method was used for
univariate analyses of patient and graft survivals. Simple and
multiple logistic regression analyses were performed to es-
tablish the contributions of the variables to the risk of infec-
tious episodes. A P value < 0.05 was considered statistically
significant.

Results
Patients

The study group consisted of 105 pediatric (52 male, 53 fe-
male) renal transplant recipients with a median transplant
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Table 2. Association of Variables in Infected and Non-Infected Patients, Their Statistical Compare

Variable Infectious patients (n = 62) Patients without infection (n = 43) P
Recipient age (years) 11.3 13.0 <0.05
Female 36 (58 %) 17 (39.5%) <0.05
Double J cathe (weeks) 42.7+6.8 42.7+4.9 0.06
Hospitalization time (days) 23+2.1 19+3.2 0.061
Urinary catheter duration (day) 4.7+ 1.0 4.5+1.03 0.06
BMI 17.05 18.6 0.08
Cadaveric kidney (n, %) 33 (58.9%) 23 (41%) <0.05
Haplotypes Identical,11.5%; Identical, 25.8%; haploidentical, <0.05
haploidentical, 30% 34.2%
Ischemia time (h) 13.5+3.9 15+4.3 0.054
Donor age (years) 348+13.5 33.1+12 0.08
ATG induction during the first 35+24 45+29 <0.05
week
Dialysis time (months) 19.8 +18.9 15.7+14.9 <0.05

BMI: body mass index; ATG: anti-thymocyte globulin.

age of 7.9 years (range, 1.5 - 18.1 years). Table 1 shows the
basic characteristics of all patients.

There were 43 patients in the urologic and 52 patients in
the nephrologic groups. In 10 patients, the primary etiology
was unknown. The most frequent underlying causes of renal
failure were vesicoureteral reflux (n = 26), focal segmental
glomerulosclerosis (n = 20), chronic pyelonephritis (n = 11)
and posterior urethral valves (n =9).

Infectious episodes

During 2 years, 59.0% of patients (n = 62) had at least 1
infectious episode (a total of 137 episodes) while 41.0% of
patients had no infectious episode. Eighty-three (60.5 %)
episodes were seen in the first year after transplantation. The
incidence of infections per patient was 1.3 episodes/patient
within the first year and 2.2 episodes/patients within the sec-
ond year.

The incidence of infectious episodes was 31 (22.6%), 16
(11.6%) and 11 (8%) in months 1, 2 and 3 after transplan-
tation, respectively (Fig. 1). Episodes were more frequent
in the first months after transplantation. The number of epi-
sodes was 20 (14.5%), 5 (3.6%) and 54 (39.4%) in months 6,
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12 and 24 after transplantation, respectively.

There were two deaths (3.2%) during the 2 years among
patients with infections. There were no deaths among pa-
tients with no infection (P < 0.001).

While major signs and symptoms of infections were
respiratory distress, fever, cough, purulent sputum, dysuria,
polyuria, interrupted voiding, vesicular itchy and painful
rash, some asymptomatic episodes were diagnosed with
fluctuating renal function tests (especially serum creatinine
levels) alone.

The following parameters significantly differed in pa-
tients with infectious episodes compared to those without
infection: younger patients were more prone to infections
than the older ones (11.3 vs. 13.0; P < 0.05); predominance
of females (58.0% vs. 39.5%; P < 0.05); longer dialysis time
(19.8 = 18.9 months vs. 15.7 + 14.9 months; P < 0.05); lower
human leukocyte antigen compatibility with the donor (iden-
tical, 11.5%; haploidentical, 30.0% vs. identical, 25.8%;
haploidentical, 34.2%; P < 0.05); increased number of grafts
from deceased donors (58.9% vs. 41.0%; P <0.05); and low-
er ATG doses in the first induction therapy (3.5 £2.4 vs. 4.5
+ 2.9; P < 0.05). No significant difference was observed in
the cold ischemia time, prednisone use and other parameters
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Table 3. Bacterial Agents of Infections

Pathogens of UTI

Bacterial infections

Gram-positive bacteri
Enterococcus faecium
Streptococcus pneumonia
Staphylococcus epidermidis
Staphylococcus aureus
A group B hemolytic streptococci

Gram-negative bacteria
Klebsiella pneumonia
Klebsiellaoxytaca
Echerichia coli
Proteus species
Morganellamorgagni
Enterobacter cloaca

No bacteria isolated

W N W, N W

11

N W N W

UTI: urinary tract infection.

shown in Table 2.
Types of infections

Viral infections were diagnosed mainly between months 2
and 6 after transplantation, while bacterial infections oc-
curred throughout the follow-up period.

The mean age of the patients with UTI and without in-
fection was 11.02 + 3.8 and 12.7 + 3.7 years, respectively.
The lower age of patients with UTI was statistically signifi-
cant (P =10.026).

There were 72 UTI episodes in 23 recipients (17 in the
urologic, six in the nephrologic groups), of which 16 had
only one UTI episode. Patients with recurrent infections (n =
7) had neurogenic bladder. Among the 72 episodes, 15 acute
pyelonephritis (APN) episodes were noted; 13 of which oc-
curred in patients with neurogenic bladder. The urologic
group had 71% (n = 51) of the UTT episodes.

The incidence of UTI was higher in the urologic group
than in the nephrologic group: 73.9% (n = 17) and 26% (n =
6), respectively (P < 0.0001).

Among the UTIs, gram-negative isolates were fourfold
as frequent as gram-positive infections (76.3% vs. 20.8%),
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and no anerobic microorganisms were isolated. Escherichia
coli was the most commonly isolated microorganism from
the urine cultures.

Of the 72 episodes of UTI, the etiologic agent was E.
coli in 29 (40%), Klebsiellaoxytoca in 11 (15.2%) and Kleb-
siellapneumoniae in 7 (9.7%). The distribution of all etiolog-
ical agents was listed in Table 3. The urinary culture controls
in patients with UTIs were negative on day 3 of treatment,
except for 8 (11.1 %) episodes in only two patients with neu-
rogenic bladder.

Of the UTIs occurring during the hospital stay (on 2.1
mean days) just after transplantation, 9.7% urinary catheter-
associated UTTIs. Patients with postoperative UTIs had lon-
ger duration of urethral catheterization than those without
infection (2.8 days vs. 2.3 days; P <0.05).

Among patients with pulmonary infections (16.7%), two
had HIN1, one of whom experienced graft loss and then died
of sepsis. Another patient had prolonged pulmonary infec-
tion without any graft dysfunction. Ten of 23 pulmonary epi-
sodes were caused by bacteria. The other severe episode was
an aspergillous infection that caused patient death.

In the four patients with BK virus infection, all were as-
ymptomatic, and diagnosed by GFR decline. The only treat-
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ment approach was a reduction of immunosuppressive drug
dosage. In three patients, the GFR decline persisted after BK
viral infection was resolved.

The etiology of four episodes of bloodstream infection
was attributed to coagulase-negative Staphylococcus in three
patients and Staphylococcus aureus in one patient.

The four episodes of herpetic infections were localized
in the thoracic region in two patients and at other locations in
the remaining two patients.

Sixty-five recipients were CMV-seropositive and 40 re-
cipients were seronegative. Seventeen (26%) patients devel-
oped 25 episodes of CMV infection (seven were recipient
negative [R-] and donor negative [D-], six were R+D- and
four were R+D+), occurring after a mean of 92 days after
transplantation. The clinical presentation of CMV infection
was fluctuating creatinine levels. Increased CMV DNA cop-
ies were found in the first laboratory examination of 12 pa-
tients, while the other five were negative for DNA copies in
the first laboratory evaluation, and who were then re-evaluat-
ed by biopsy. Inclusion bodies were detected in three of five
biopsies. Histological findings indicated tubular atrophy and
interstitial fibrosis with varying degrees. All patients were
treated with intravenous ganciclovir until CMV DNA copies
decreased to cut-off levels. Oral treatment was then contin-
ued for 6 weeks with valganciclovir.

All patients experienced normalization of laboratory val-
ues, although some biopsies revealed pathological changes.

Survival analysis

The graft functional rates at 6 and 12 months after transplan-
tation were significantly lower among patients with infec-
tious episodes than among those without infection (94.3%
and 97.2% vs. 98.1% and 99.1%, respectively; P < 0.05).

Discussion

Successful renal transplantation strictly depends on good
infection control, which remains a serious threat [6]. The
objective of this study was to determine the incidence and
risk factors for infections and their effect on graft function in
pediatric renal transplant recipients.

The incidence of infectious episodes varies significantly
in different studies, but it is usually higher in the first month
of transplantation. While viral and fungal opportunistic in-
fections predominate during the first 6 months after trans-
plantation, community acquired infections are common after
6 months following transplantation [7-9]. Our data indicated
that approximately a quarter of the total number of episodes
occurred in the first month. On the other hand, at the end
of 6 months, this ratio was typical of > 50% of infections.
This division was less obvious than that reported in other
papers. Maraha et al reported that > 85% occurred in the first
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months and Regina et al reported that > 50% of the infectious
events occurred within the first 3 months [1, 3]. This high ra-
tio during the first months after transplantation results from
risk factors such as the long duration of hospital stay in the
intensive care unit and catheterization time, incompatibility
of patient/parents and the intensive induction therapy [10].
The number of episodes gradually decreased after 6 months
(3.6% during months 7 - 12), and increased during the sec-
ond year. Both nosocomial and opportunistic infection ratios
were 39.4% in this period. These results were incompatible
with those of other studies [11]. We believe that this higher
ratio after the decrease in infectious episodes observed be-
tween 7 and 12 months arises mostly from patient care. Af-
ter the first year, when there are more concerns for rejection
prevention, patients and their caregivers relax if the graft is
functioning well and tend to reduce the attention paid to hy-
giene, nutrition and other factors.

Approximately 80% of all renal transplant recipients ex-
perienced at least one episode of infection during the first
year [8, 12]. We retrospectively studied 105 patients who
experienced 60.5% of infection episodes in the first year.
On the other hand, Alagaden et al found that, of 127 renal
transplant patients, 51% of recipients had infectious com-
plications [13]. Regina et al also found 49% of infectious
episodes during the first year after transplantation [3]. This
result indicates that the incidence of infectious episodes in
some studies is less than that reported in our study. Various
variables affect this outcome: patient age, donor age, isch-
emia times, dialysis duration and duration/type of induction
therapy.

Among the conditions studied, the risk of infection was
significantly associated with cadaveric donor, younger re-
cipient age and less ATG induction doses [14]. Similarly, in
our study, female recipients, younger recipient age, cadav-
eric donor, longer dialysis time, lower human leukocyte an-
tigen compatibility, urological cause (especially neurogenic
bladder) of ESRD and lower ATG doses were observed to be
more prone to infections.

Chuang et al identified several risk factors for infection
such as female sex, advanced age, history of vesicoureteral
reflux, azathioprine use and cadaveric donor [15]. We did
not find any association of risk of infection with induction or
maintenance therapy, except for ATG usage. In their study,
Dantas et al reported risk factors such as deceased donor,
duration of urinary catheterization and length of hospitaliza-
tion [16].

Urinary tract infection (UTI) is the most common infec-
tion in renal transplant recipients, with a prevalence of 35-
80%, mainly in the first months after transplantation [8]. In
a study in Brazil, the frequency of UTI found was 63%, and
in a Spanish study, it was 46.6% [17]. In this paper, the UTI
frequency was 52.5% (72/137 episodes), and approximately
50% of them occurred during the first 6 months.

Frequency of UTIs depends on many factors such as
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age, female sex, kidney function, co-morbid factors, type
and amount of immunosuppression, and catheterization and/
or the hospitalization time. Stamm et al reported that the risk
of UTI is increased by approximately 5% with each day of
bladder catheterization [18]. The earliest possible removal of
the bladder catheter may lead to a drop in the UTI rates [19].
There were no statistically significant differences in urinary
catheterization times between patients with and without in-
fections in our study (4.7 days vs. 4.5 days). In addition, the
catheterization time in our study was less than that in other
studies. In 2010, Sorto et al studied 176 recipients and the
mean catheter removal time was 6.5 and 5.2 days in patients
with and without infections, respectively [20].

Main etiology of UTI is gram-negative bacilli, £. coli be-
ing the most frequently isolated [15-21]. In the current study,
the most frequently observed etiologic agents were E. coli
in 29 (40%), K. oxytoca in 11 (15.2%) and K. pneumoniae
in 7 (9.7%) infections. Chuang et al evaluated the causative
uropathogens in 213 cases and found that the most common
ones were E. coli (29%), Enterococcus (24%), Staphylococ-
cus (12%) and Klebsiella (10%) [15]. The underlying diag-
nosis had an impact in our cohort like in other studies [22].

In the patients with the primary diagnosis of vesicoure-
teral reflux, posterior urethral valves and/or neurogenic blad-
der, 51 UTI episodes (71%) were noted.

In recent studies, the incidence and morbidity of APN
after transplantation is not well studied in adults. The preva-
lence of UTI is 15-33% in pediatric studies [23-26]. Ulrike
et al reported that APN was detected in 21% of patients in
their study [22].

Several other studies showed decrement of renal function
during UTI, affecting graft survival [23]. In correspondence
with the literature, bacterial infectious were more common
than viral infections, with a minor incidence of fungal infec-
tions across the study years. The incidence of systemic fun-
gal infection varies with the type of organ transplanted, oc-
curring in 2-14% of kidney transplant recipients [7]. On the
other hand, 2010 annual transplant report of North American
Pediatric Renal Trials and Collaborative Studies showed that
the incidence of viral and bacterial infections was close to
each other. The number of episodes in LRDs was signifi-
cantly lower than that in cadaveric donors [27].

CMYV is the most common opportunistic infection with
an incidence of 30-52.4%, mostly in the first 6 months after
transplantation. In a study, the incidence of CMV infection
was reported as 19.4% [28, 29]. Most of these infections lead
to CMV reactivation because of the production of infection-
related cytokines [10]. However, in the present study we did
not find any correlation between severe infection and CMV
reactivation. Our patients presented with decreased renal
function. CMV reactivation was associated with acute rejec-
tion similar to that seen in the literature [1].

Respiratory tract infections corresponded to 16.7 of all
infectious episodes. Sirlei et al found the ratio to be 8.9%.
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The ratio differences in various studies may be attributed to
the choice of antibiotics or sociocultural features of the pop-
ulation. Most of the respiratory tract infections were caused
by bacterial agents and all of them were resolved. Mortality
was observed in one patient with HIN1 and another with
septicaemia followed by aspergillus infection.

Infections are still associated with significant morbid-
ity, with graft failure as well as patient death in the early
post-transplant period [12]. Mortality from infections has de-
creased over the years, from 73% before 1976 to 20% during
1994 - 1996 [9, 30]. The mortality rate resulting from infec-
tions was 0.02% in the follow-up period in our center, being
close to the ratio of 0.3% in the United States.

In conclusion, this study established the incidence of
infectious episodes and risk factors in the first 2 years after
transplantation at a single center. By increasing our knowl-
edge of the risk factors and their effect on survival of both
graft and patients, we can increase early preventive measures
and management experience.
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