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Introduction. Vitamin E is a fat-soluble vitamin that functions as
an antioxidant. The aim of this study was to investigate the effects
of vitamins E supplementation in combination with antibiotics for
the treatment of girls with acute pyelonephritis.

Materials and Methods. This double-blinded randomized
controlled trial was conducted on 152 girls aged 5 to 12 years with
a first acute pyelonephritis episode based on technetium Tc 99m
dimercaptosuccinic acid (*"Tc-DMSA). They were randomized to
receive a 14-day treatment with only antibiotics (control group;
n = 76) and 14-day treatment with supplements of vitamin E
(intervention group; n = 76) in addition to the antibiotics. Patients’
clinical symptoms were monitored for 14 days and urine culture
was performed 3 to 4 days and 7 to 10 days after the start of the
treatment and its completion, respectively. All of the girls once
underwent DMSA scan 4 to 6 months after the treatment.
Results. During the follow-up days, the mean frequency of fever
(P =.01), urinary frequency (P = .001), urgency (P = .003), dribbling
(P =.001), and urinary incontinence (P = .006) were significantly
lower in the intervention group compared to the control group.
There was no significant difference in the results of urine culture 3
to 4 days after the start of treatment (P = .16) and 7 to 10 days after
its termination (P = .37). There was also no significant difference
between the results of DMSA scan 4 to 6 months after the start of
treatment (P = .31).

Conclusions. Vitamin E supplementation has a significant effect in
ameliorating sign and symptoms of UTI. However, further studies
are recommended to confirm these findings.
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Urinary tract infections (UTIs) are common in
childhood, affecting up to 3.5% of children in the
United States annually.! Urinary tract infection is
a serious bacterial infection because of its potential
to produce renal scarring.? The 3 basic forms of
UTI are pyelonephritis, cystitis, and asymptomatic
bacteriuria.’? Clinical pyelonephritis is characterized
by any or all of the following: abdominal, back,

or flank pain; malaise; nausea and vomiting; and
occasionally, diarrhea.*® Pyelonephritis is the most
common serious bacterial infection in infants who
have fever without an obvious focus.* Overall,
involvement of the renal parenchyma is termed
acute pyelonephritis.* Only up to two-thirds of
children with a UTI accompanied by fever have
acute parenchymal infection, with acute lesions
on technetium Tc 99m dimercaptosuccinic acid
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(*mTc-DMSA) scintigraphy,”!! which is the
definitive diagnosis of acute pyelonephritis.!'"!3
In girls, 75% to 90% of all acute pyelonephritis
episodes are caused by Escherichia coli, followed by
Klebsiella and Proteus.*'* It has been suggested that
bacterial characteristics and the host defense play
significant roles in the development of the scars
in pyelonephritis.!*!> It has also been proposed
that oxygen-free radicals play a role in renal scar
formation after an acute pyelonephritis model in
monkeys and mice.'"!?

Recent experimental studies demonstrate that
oxygen-free radical scavengers and antioxidants
can reduce tissue damage and renal scaring during
acute and chronic pyelonephritis.'*!® Antioxidant
vitamins A, E, and C increase tissue protection
from oxidative stress.'®!” Recently, it has been
shown that both vitamins E and C decrease lipid
peroxidation and augment the activity of antioxidant
enzymes in the kidneys of diabetic rats.!® Vitamin
E acts as a chain-breaking antioxidant and is an
efficient pyroxyl radical scavenger, which protects
low-density lipoproteins and polyunsaturated
fats in membranes from oxidation.'® In addition
to the cases mentioned regarding the role of
oxidative stress in the pathophysiology of kidney
diseases such as pyelonephritis and the effect of
antioxidant vitamins on it, it has been reported
that the pathology of the infectious process and
host defenses against infection are apparently
connected with a modulation of prostaglandin
biosynthesis in the host.!? Infection, and especially
the antigenic stimulus represented by the infection,
may dramatically increase prostaglandin and
cyclic nucleotide levels within minutes after a
challenge.’?® There is growing evidence that
prostaglandin may regulate immune responses,
and at elevated levels, prostaglandin may be
immunosuppressive.??

Vitamin E is an effective inhibitor of prostaglandin
synthetize in certain tissues,”?* and as an antioxidant
it may prevent the oxidation of arachidonic
acid in the biosynthetic pathway leading to
prostaglandin. It is conceivable then that some
of the biological functions of vitamin E may be
connected with its modulation of prostaglandin
synthesis.?® Several reports demonstrated that
vitamin E is effective in protecting human from
bacterial infection.?®?” This protection has been
associated with increased antibody titer, 262529
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and phagocytosis.?*?”?* Tengerdy and Brown?®
demonstrated that production of prostaglandin
in bursa homogenates of E coli-infected chickens
was reduced by supplementation of vitamin E.
This was corroborated by Likoff and colleagues.®
On the basis of these observations, a hypothesis is
proposed that the disease protective effect of vitamin
E is connected with its antioxidant inhibitory effect
on prostaglandin modulation caused by vitamin
that may counteract prostaglandin modulation
caused by the infectious process, thereby triggering
host defense mechanisms. All these may lead to
increased resistance to infection. Given the limited
information regarding the supplementary effect of
vitamin E in children with acute pyelonephritis,
we decided to conduct a study in this area. Since
UTI is more common in girls due to their shorter
urethras,” and boys suffering from UTI usually have
underlying anatomical or functional abnormalities of
the genitourinary tract that confound the study, we
restricted our research to girls with pyelonephritis.

This double-blind randomized controlled trial
study was conducted from 22 April, 2012 to 21
November, 2013 on the patients admitted to the
Department of Pediatrics of Amir Kabir Hospital
and Vali Asr Hospital, in Arak, Iran. Participants
included 5- to 12-year-old girls who had developed
a form of acute pyelonephritis, for the first time and
had indications of hospitalization due to UTIL. With
respect to the study conditions, these indications
were defined as mild to moderate dehydration
requiring rehydration and intravenous antibiotic
therapy. Girls with repeated vomiting, severe
UTl-induced dehydration, or bacteremia were not
included in the study. The study was approved by
the Ethics Committee of Arak University of Medical
Sciences and a written consent was obtained from
all patients” parents or guardians. The patients
could also withdraw liberally from the study at
any time. The researchers were committed to the
Declaration of Helsinki throughout the research.

The children and their parents were interviewed
and underwent laboratory examinations in order
to assess the inclusion criteria. These examinations
included medical history of UTI symptoms (fever,
frequency, urgency, dribbling, dysuria, urinary
incontinence, and abdominal pain) urinalysis and



urine culture, ultrasonography of the abdomen
and pelvis, voiding cystourethrography, computed
tomography, and *™Tc-DMSA scintigraphy. The
midstream catch method was used for urine culture.?
The genital area was washed from front to back
with soap and water 3 times and intermediate
urine samples were collected in sterile bags and
transferred to the hospital laboratory. In order to
perform the urine culture and confirm the result,
urine samples with infected medium were excluded
from the study and urine samples prepared using
the sterile method underwent analysis and culture
for the second time.? Contamination of the culture
medium was defined as a positive urine culture
without pyuria.

If the urine culture showed more than 10 000
colonies of a single pathogen and the child was
symptomatic (including fever, urinary frequency,
urgency, dribbling, dysuria, urinary incontinence,
and abdominal pain), the child was considered to
have UTIL.****Since E coli is the most common cause
of UTI and for easier cloning of the subjects for
UTI factor organism, only the patients with UTI
resulted by E coli were included in the study. Since
this study aimed at analyzing urine samples with
E coli sensitive to ceftriaxone and cefixime, E coli
isolated from urine cultures underwent sensitivity
test for evaluating their resistance or sensitivity to
ceftriaxone and cefixime antibiotics. The evaluation
was performed using the disk diffusion method.
For this purpose, E coli was isolated from culture
samples and underwent disk diffusion sensitivity
test with the Kirby-Bauer method based on the
CLSI M100-522 (Clinical Laboratory Standards
Institute M100-S20) protocol on 2010.** Antibiotic
susceptibility disks were provided by Padtan Teb
Company (Tehran, Iran).

Since DMSA scintigraphy is the gold standard
method for the diagnosis and localization of acute
pediatric pyelonephritis,? all the girls qualified for
the study’s initial assessments underwent this scan
for the evaluation of acute pyelonephritis. Girls
with diagnosed renal scarring after DMSA scan
were not included in the study. Renal scintigraphy
was performed 3 to 4 hours after injection of a
weight-scaled dose of DMSA. Acute scintigraphic
pyelonephritis was defined as focal or diffuse areas
of decreased DMSA uptake without evidence of

Vitamin E in Urinary Tract Infection—Yousefichaijan et al

cortical loss, and renal scar was defined as areas
of negative DMSA uptake.??°

The children were included if they were female,
aged 5 to 12 years old, had a medical history
and symptoms of UTI and diagnosed with acute
pyelonephritis based on fever (without any source
other than UTI) and evidence of renal inflammation
on DMSA scan, and had positive urinalysis and
culture results only for E coli sensitive to ceftriaxone
and cefixime. Informed consent from the parents was
obtained for participating in the study and proper
adherence to the study protocol after discharge
from hospital was ensured. Patients with any of the
following were excluded from the study: a diagnosis
of renal scarring based on the results of DMSA
scan; history of any form of UTIL; vesicoureteral
reflux, symptoms of renal abscess, renal and
urinary tract calculus, urinary tract obstruction,
emphysematous pyelonephritis, renal hypoplasia,
ectopic kidney, and any unilateral or bilateral renal
anomaly based on ultrasonography, CT scan, and
voiding cystourethrography findings; neurogenic
bladder; history of voiding dysfunctions; anatomical
problems of the genitalia such as labial adhesion,
due to trauma, surgery, and congenital anomalies;
history of allergy to vitamin E or its intolerance;
history of diabetes mellitus, immunodeficiency,
and organ transplantation; administration of
antibiotics or vitamin E at least 5 days before the
start of the study; severe sepsis and bacteremia;
and severe dehydration.

Considering the prevalence of UTI, sample size
was determined at 152 (a = 0.05, B = 0.2). After
assessment of the girls and their parents, they were
randomly assigned into the intervention or control
groups each with 76 participants. Medications were
administered for 14 days in a way that all girls
underwent routine UTI treatment. The treatment
included 50 mg/kg/d to 75 mg/kg/d of intravenous
ceftriaxone in 2 divided doses during hospitalization
and 8 mg/kg/d of oral cefixime in 2 divided doses
after discharge. Other than the routine treatment,
the intervention group was administered 100 IU
of oral vitamin E on a daily basis, 1 daily tablet,
and the control group was administered placebo.
Placebos were similar to vitamin E regarding their
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shape, color, and size. Antibiotics were made by
Jaber Ibn Hayyan (Tehran, Iran) and vitamin E and
its placebo were made by Raazak (Tehran, Iran).
Vitamin E and the placebo were administered in
unnamed capped containers with a label containing
the code of each medicine by a group other than
the groups who examined and followed up the
patients. The participants were unaware of the
type of administered medicine.

The assessment of clinical response and the
follow-up of patients were conducted by research
assistant who was unaware of the type of medicine
administered to patients for 14 days. As long as
the girls were hospitalized, medications were
administered by the rendering physician and

staff. After the girls were discharged, the parents
were provided with the necessary training for
administering medicine to their children. They were
also told to refer 7 to 10 days and 4 to 6 months
after the treatment for repeated urine culture and
DMSA scan, respectively.

All of the patient information was recorded in
their clinical information forms. The forms included
their demographic information, the results of urine
culture 3 to 4 days after the start of the treatment
and 7 to 10 days after its termination, the results
of DMSA scan 4 to 6 months after the treatment,
and the presence or absence of clinical symptoms
(fever, frequency, urgency, dribbling, dysuria,
urinary incontinence, and abdominal pain) during

Assessed for eligibility

(n =307)
Excluded or not meeting
inclusion criteria
(n = 155)
Replace dropouts
—»| with matching cases [
(n = 68)
v Randomized v
Allocated to intervention Allocated to control

(n=76)
Dropouts (n = 29)

v
Follow-up (n = 47)

Allocation

(n=76)
Dropouts (n = 39)

A 4
Follow-up (n = 37)

Dropouts (n = 29)

Analyzed 76 cases

Random allocation and interventions flowchart.
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14 days of their follow-up.

Antibiotic susceptibility test was also carried
out using the disk diffusion method along with
urine culture to prove the possible existence of
only 1 type of disease-causing organism and also
measure the sensitivity of E coli to administered
antibiotics. It was aimed to exclude participants
from the study in the case of recurrence of UTI
with another bacterium, multiple bacteria, or E
coli resistant to antibiotic treatment.

Fever was defined as a body temperature increase
(oral temperature) above 38.5°C without a source
except for UTL frequency was defined as increased
frequency of urination twice as before; urinary
incontinence was defined as urination outside
the control of patient; dribbling was defined as
involuntary urinary cessation and its restoration;
dysuria was defined as feeling pain or burning when
urinating; urgency was described as immediate
need to urinate; and abdominal pain was defined
as pain and discomfort in the abdominal cavity.*
The results of urine culture and DMSA were
recorded in patients’ clinical information forms at
specific times and 4 to 6 months after the treatment,
respectively. All the renal scans were reviewed
secondarily by 2 independent nuclear medicine
experts who were unaware of the treatment that
had been assigned to the patients.

Exclusion criteria during follow-up were
as follows: (1) the absence of cooperation or
satisfaction for continuing the participation; (2)
the recurrence of UTI according to the results of
urine culture during follow-up with more than 1
type of bacterium, an organism other than E coli or
with an E coli resistant to administered antibiotics;
(3) intolerance of oral vitamin E; (4) irregular use
of medication; (5) comorbidity of febrile diseases
other than UTI during the follow-up requiring the
consumption of any other antibiotics, especially
those used in this study; and (6) re-infection
with any type of UTI between the second urine
culture and repeated DMSA scan. When a child
was excluded from the study for any reason, she
was randomly replaced with another matching
participant eligible according to the terms of the
study and inclusion and exclusion criteria. The
Figure illustrates the study recruitment process.

The collected data were analyzed using the
SPSS software (Statistical Package for the Social
Sciences, version 18.0, SPSS Inc, Chicago, 111, USA),
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Table 1. Girls and With Fever, Frequency, Urgency, and Dribbling During the 14-Day Follow-up in the Control and Vitamin E Groups

Dribbling

Urgency

Control

Frequency

Fever

Vitamin E

Control
54 (71)

Vitamin E

Vitamin E

Control

Vitamin E
76 (100)

Control

Days

49 (64.4)
44 (57.8)
34 (44.7)

37 (48.6)
32 (42.1)
22 (28.9)

63 (82.8)
58 (76.3)

44

32 (42.1)

64 (84.2)
62 (81.5)
52 (68.4)
44 (57.8)

76 (100)
62 (81.5)
54 (71.0)
36 (47.3)

52 (68.4)
37 (48.6)
29 (38.1)

21 (27.6)
18 (23.6)

61(80.2)
24 (31.5)

(57.8)

22 (28.9)

15 (19.7)

34 (44.7)

7(9.2)
4(5.2)
3(3.9)

8 (10.5)
3(3.9)

0
0

10 (13.1)

23 (30.2)
21(27.6)

8 (10.5)

0
0
0
0
0
0

28 (36.8)
21 (27.6)

29 (38.1)
22 (28.9)
21(27.6)

25 (32.8)

5 (6.5)

1(1.3)

18 (23.6)

16 (21.0)

17 (22.3)

1(1.3)

0
0

11 (14.4)

4(5.2)

1(1.3)

14 (18.4)

14 (18.4)

16 (21.0)

1(1.3)

0
0
0
0

1(1.3)

12 (15.7)

7(9.2)
6 (7.8)

10 (13.1)
5 (6.5)
4 (5.2)
4(5.2)

3(3.9)
3(3.9)
3(3.9)
4(5.2)
2 (2.6)

1(1.3)

11 (14.4)
5 (6.5)
4(5.2)
2(2.6)

10

11

1(1.3)

2(2.6)

1(1.3)

0

0
121 +£17.7

12
13
14

1(1.3)

2 (2.6)
2(2.6)
241226

1(1.3)

0
124 +24.8

1(1.3)

20.1+£17.4

1(1.3)

8.2+ 13.1

1(1.3)

216+255

.001

.003

.001 209+21.6

6.4+ 10.0

.01

Mean frequency
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and the chi-square test or the Fisher exact test and
the Student ¢ test were used for comparisons. P
values less than .05 were considered significant.

In this 18-month study, 307 girls with UTIs were
assessed against the inclusion and exclusion criteria.
Sixty-eight of the girls were excluded and were
replaced with other qualified participants. Overall,
93 girls with UTI were randomly analyzed based
on the inclusion and exclusion criteria. Among 62
girls who were excluded during the follow-up, 38
(55.8%), 9 (13.2%), and 21 (30.8%) were excluded
due to parental dissatisfaction for continuing
participation, development of a febrile infection
other than UTI requiring antibiotic treatment, and
recurrence of UTI discordant with the conditions
for continuing the participation, respectively.

The mean age of the participants was 5.8 + 2.2
years old. This figure was 6.1 + 2.5 years and
5.5 + 2.0 years for the intervention and control
groups, respectively (P = .14). The frequencies of
symptoms in the intervention and control group are
presented in Tables 1 and 2. The average frequencies
of fever, urinary frequency, urgency, dribbling,
and urinary incontinence was significantly lower
in the intervention group than the control group
during the 14 days of follow-up, while no significant
difference was observed in dysuria and abdominal
pain between the groups.

There was no significant difference in the
results of urine culture 3 to 4 days after the start

Table 3. Result of Urine Culture and Dimercaptosuccinic Acid
Scintigraphy (DMSA) in the Control and Vitamin E Groups

Test Control VltaEmln P
Urine culture
3 to 4 days after start of 2(2.7) 0 .16
treatment
7 to 10 days after end of 1(1.3) 0 37
treatment
DMSA

Before treatment

4 to 6 months after start of
treatment

76 (100) 76 (100) > .99
1(13) 0 31

of treatment and 7 to 10 days after its termination
(Table 3). Analysis of the results of DMSA scan 4 to
6 months after the start of the treatment indicated
that the inflammation of the renal parenchyma
completely subsided in 76 (100%) and 75 (98.6%)
of the girls in the intervention and control groups,
respectively (Table 3).

According to our study, although there was no
significant difference in the results of urine culture
and DMSA scan of girls receiving vitamin E and
antibiotic and those receiving only antibiotic, it
was indicated that vitamin E could be significantly
effective in the treatment of the majority of common
clinical symptoms in girls with acute pyelonephritis,
such as fever, frequency, urgency, dribbling, and
urinary incontinence. Sobouti and colleagues®
conducted a study on 61 children with the age of

Table 2. Girls and With Abdominal Pain, Dysuria, and Incontinency During the 14-Day Follow-up in the Control and Vitamin E Groups

Abdominal Pain

Dysuria

Incontinency

Days Control Vitamin E P Control Vitamin E P Control Vitamin E P
1 42 (55.2) 66 (86.8) 38 (50.0) 71(93.4) 57 (75.0) 40 (52.6)
2 32 (42.1) 60 (78.9) 19 (25.0) 63 (82.8) 54 (71.0) 32 (42.1)
3 22 (28.9) (55 2) 15 (19.7) 48 (63.1) 41 (53.9) 26 (34.2)
4 20 (26.3) 1(40.7) 9 (11.8) 32 (42.1) 38 (50.0) 17 (22.3)
5 13 (17.1) 1(27.6) 4 (5.2) 28 (36.8) 30 (39.4) 11 (14.4)
6 10 (13.1) 8 (23.6) 5 (6.5) 24 (31.5) 19 (25.0) 8 (10.5)
7 5 (6.5) 5(19.7) 3(3.9) 17 (22.3) 15 (19.7) 2 (2.6)
8 3(3.9) 1(14.4) 2 (2.6) 2 (15.7) 12 (15.7) 3(3.9)
9 2 (2.6) 6 (7.8) 2 (2.6 9 (11.8) 10 (13.1) 2 (2.6)
10 1(1.3) 4 (5.2) 1(1.3 5 (6.5) 8 (10.5) 1(1.3)
11 3(3.9) 1(1.3) 1(1.3 3(3.9) 5 (6.5) 0
12 0 0 1(1.3 0 1(1.3) 0
13 0 0 1(1.3 0 1(1.3) 0
14 0 0 1(1.3) 0 0 0
Mean frequency 10.92 +13.35 19.64 +22.26 .27 7.28+10.49 2228+23.68 .44 20.78+19.73 10.14+13.44 .006
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1 month to 10 years with acute pyelonephritis to
investigate the effect of vitamins A and E on the
improvement of renal scarring in Iran from 2004
to 2006. In this clinical trial, the children were
randomized into 3 treatment groups of 10-day
treatment with only antibiotics (control group;
n = 25) and 10-day treatment with supplements of
vitamin A (n = 17) or vitamin E (n = 18) in addition
to antibiotics during the acute phase of infection.
Based on this study, a worsening of lesions,
based on the second DMSA scan, was observed
in 42.5%, none, and 23.3 % of the control, vitamin
E, and vitamin A patients, respectively (likelihood
ratio, 26.3; P < .001). In another study, Sadeghi and
colleagues® investigated the effect of vitamin E on
mouse models with acute pyelonephritis by E coli
in 2008. The results indicated that inflammation
and fibrosis scores in the group undergoing
treatment with only intraperitoneal ceftriaxone
was significantly higher than the group undergoing
treatment with antibiotics and vitamin E.

In a study on mouse models infected with
pyelonephritis by E coli, Bennett and colleagues®
indicated that antibiotic treatment of pyelonephritic
rats with vitamins A and E resulted in significantly
less kidney inflammation, as compared with
untreated rats or rats treated with antibiotic alone.
According to our study, 14 days of supplementary
administration of vitamin E along with antibiotic
treatment had no significant effect on the reduction
of renal inflammation during 4 to 6 months
of follow-up compared to antibiotic treatment
alone. The reason was that no evidence of renal
inflammation was observed in the DMSA scan of
almost all of the members of both groups 4 to 6
months after the start of the treatment. This finding
is inconsistent with those of similar studies. The
only previous clinical study on the effect of vitamin
E on UTI was the one by Sobouti and colleagues,?
which investigated its effect on the improvement
of renal scarring (one of our study’s exclusion
criteria). Therefore, it was different from our study.

Generally, based on the results of our study,
although the administration of vitamin E
supplement caused no significant difference with
the administration of antibiotics alone in the results
of patient’s short-term urine culture and 4 to 6
month follow-up of DMSA scan, its administration
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is recommended from the start of the treatment to
decrease clinical symptoms in infected girls because
of its significant effect on the improvement of clinical
symptoms in the acute phase of UTI. However,
future study is recommended in this area due to
the lack of clinical evidence regarding the effect
of vitamin E supplement on the treatment of UTI
patients’ clinical symptoms, renal inflammation,
and scarring and more importantly, recurrent
UTI cases.

The research team wishes to thank the vice
chancellor of research for their financial support
and also children and their parents who contributed
to this research project.

None declared.

1. Copp HL, Shapiro DJ, Hersh AL. National ambulatory
antibiotic prescribing patterns for pediatric urinary tract
infection, 1998-2007. Pediatrics. 2001;127:1027-33.

2. Bocquet N, Sergent Alaoui A, Jais JP, et al. Randomized
trial of oral versus sequential 1V/oral antibiotic for acute
pyelonephritis in children. Pediatrics. 2012;129:e269-75.

3. Kennedy KM, Glynn LG, Dineen B. A survey of the
management of urinary tract infection in children in
primary care and comparison with the NICEguidelines.
BMC Fam Pract. 2010;11:6.

4. Elder JS. Urinary tract infections. In: Kleigman RM,
Behrman RE, Jenson HB, Stanton BP, editors. Nelson
text book of pediatrics. 18th ed. Philadelphia: Saunders
Elsevier; 2007. p. 1829-34.

5. Mohkam M, Karimi A, Habibian S, Sharifian M. Urinary
N-acetyl-beta-D-glucosaminidase as a diagnostic marker
of acute pyelonephritis in children. Iran J Kidney Dis.
2008;2:24-8.

6. Grossman Z, Miron D. [Imaging and follow-up of children
with first febrile Urinary Tract Infection (UTI)]. Harefuah.
2009;148:716-20, 732. Hebrew.

7. Hoberman A, Wald ER, Hickey RW, et al. Oral versus
initial intravenous therapy for urinary tract infections in
young febrile children. Pediatrics. 1999;104:79-86.

8. Montini G, Toffolo A, Zucchetta P, et al. Antibiotic treatment
for pyelonephritis in children: multicentre randomised
controlled non-inferiority trial. BMJ. 2007;335:386.

9. Neuhaus TJ, Berger C, Buechner K, et al. Randomised
trial of oral versus sequential intravenous/oral
cephalosporins in children with pyelonephritis. Eur J
Pediatr. 2007;167:1037-47.

10. Benador D, Neuhaus TJ, Papazyan JP, et al. Randomised
controlled trial of three day versus 10 day intravenous
antibiotics in acute pyelonephritis: effect onrenal scarring.

103



Vitamin E in Urinary Tract Infection—Yousefichaijan et al

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

104

Arch Dis Child. 2001;84:241-6.

Bressan S, Andreola B, Zucchetta P, et al. Procalcitonin as
a predictor of renal scarring in infants and young children.
Pediatr Nephrol. 2009;24:1199-204.

Rushton HG. The evaluation of acute pyelonephritis and
renal scarring with technetium 99m-dimercaptosuccinic
acid renal scintigraphy: evolving concepts and future
directions. Pediatr Nephrol. 1997;11:108-20

Hodson EM, Willis NS, Craig JC. Antibiotics for acute
pyelonephritis in children. Cochrane Database Syst Rev.
2007;17:CD003772.

Lomberg H, Hellstrém M, Jodal U, Orskov I, Svanborg
Edén C. Properties of Escherichia coli in patients with
renal scarring. J Infect Dis. 1989;159:579-82.

Farshad S, Emamghorashi F. The prevalence of virulence
genes of E. coli strains isolated from children with urinary
tract infection. Saudi Journal of Kidney Diseases and
Transplantation. 2009;20: 613-7.

Cadenas S, Cadenas AM. Fighting the stranger-
antioxidant protection against endotoxin toxicity.
Toxicology. 2002;180:45-63.

Dalirani R, Yousefi Zoshk M, Sharifian M, et al. Role
of vitamin A in preventing renal scarring after acute
pyelonephritis. Iran J Kidney Dis. 2011;5:320-3.

Kedziora-Kornatowska K, Szram S, Kornatowski T, et
al. Effect of vitamin E and vitamin C supplementation
on antioxidative state and renal glomerular basement
membrane thickness in diabetic kidney. Nephron Exp
Nephrol. 2003;95:e134-43.

Osheroff PL, Webb DL, Paulsrud J. Induction of T cell
dependent splenic PG F2 by T-cell dependent antigen.
Biochem Biophys Res Commun. 1975;66:425-9.

Plescia OJ, Yamamoto |, Shimamura T, Fiet C. Early
cellular events in the response of mice to sheep red blood
cells reflected in the spleen level of cyclic AMP. Ann NY
Acad Sci.1975;249:362-9.

Bourne HR. Immunology. In: Ramwell PW, editor. The
prostaglandins. 2nd ed. New York: Plenum Press; 1974.
p. 277-91.

Pelus LM. Strausser HR. Prostaglandins and the immune
response. Life Sci. 1977;20:903-14.

Lands WEM, Rome LH. Inhibition of PG biosynthesis. In:
Karen SMM. PG chemical and biochemical aspects. 7th
ed. Baltimore: University Park Press; 1976.p.87-137.

Machlin JL. Vitamin E and PG. In: deDuve C, Hayaishi O,
editor. Tocophreol, oxygen and biomembranes. 3rd ed.
New York: Elsevier; 1978. p.179-89.

Larry A. Vitamin E Deficiency. In: Kleigman RM, Behrman
RE, Jenson HB, Stanton BP, editors. Nelson text book

of pediatrics. 18th ed. Philadelphia: Saunders Elsevier;
2007. p. 209.

Tengerdy RP, Brown JC. Effect of vitamin E and A on
humoral immunity and phagocytosis in E.coli infected
chickens. Poult Sci. 1977;56:957-63.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Heinzerling RH, Tengerdy RP, Wick LL, Lueker DC.
Vitamin E protects mice against Diploccus pneumonia
type | infection. Infect Immun. 1974;10:1292-6.

Heinzerling RH, Nockels CF, Quarles CL, Tengerdy RP.
Protection of chicks against E.coli infection by dietary
supplementation with vitamin E. Proc Soc Exp Biol Med.
1974;146:279-83.

Tengerdy RP, Nockels CF. Vitamin E and A protect
chickens against E.coli infection. Poult Sci.1975;54:1242.

Likoff RO, Mathias MM. Nockels CF, Tengerdy RP. Vitamin
E enhancement of immunity: mediated by the PG? Fed
Proc. 1978;37:829A.

Yousefichijan P, Sharafkhah M. A Comparison between
Bacterial Resistance to Common Antibiotics in Breast-Fed
and Bottle-Fed Female Infants with Urinary Tract Infection.
Arch Clin Infect Dis. 2012;7:113-5.

Emamghoraishi F, Farshad S, Kalani M. Relationship

between O serotype and virulent genes in Escherichia
coli causing urinary tract infections. Iran J Kidney Dis.
2011;5:234-7.

Yousefichijan P, Dorreh F. Urinary tract infection due to
salmonella in an otherwise healthy child. Iran J Kidney
Dis. 2014;8:155-7.

Swenson JM, Killgore GE, Tenover FC. Antimicrobial
susceptibility testing of Acinetobacter spp. by NCCLS
broth microdilution and disk diffusionmethods. J Clin

Microbiol. 2004;42:5102-8.

Mohkam M, Maham S, Rahmani A, et al. Technetium Tc
99m dimercaptosuccinic acid renal scintigraphy in children
with acute pyelonephritis: correlationwith other imaging
tests. Iran J Kidney Dis. 2010;4:297-301.

Sobouti B, Hooman N, Movahed M. The effect of vitamin
E or vitamin A on the prevention of renal scarring in
children with acute pyelonephritis. Pediatr Nephrol.
2013;28:277-83.

Sadeghi Z, Kajbafzadeh AM, Tajik P, et al. Vitamin E
administration at the onset of fever prevents renal scarring
in acute pyelonephritis. Pediatr Nephrol. 2008;23:1503-10.

Bennett RT, Mazzaccaro RJ, Chopra N, Melman A, Franco
|. Suppression of renal inflammation with vitamins A and E
in ascending pyelonephritis in rats. J Urol. 1999;161:1681-
4.

Correspondence to:
Mojtaba Sharafkhah
Arak University of Medical Sciences, Sardasht, Basij Sq, Arak,

Iran

Tel: +98 938 303 8037
Fax: +98 863 313 3193
E-mail: sharafkhah@arakmu.ac.ir

Received April 2014
Revised August 2014
Accepted August 2014



