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Abstract

Background Acute pyelonephritis (APN) can lead to
renal scar formation, high blood pressure, and end-stage
renal failure. Prompt and early diagnosis of APN is
important for preventing future complications. Our goal
was to study the mean platelet volume (MPV) as a pre-
dictor of APN in children.

Methods The records of 43 patients with APN and 51
patients with a lower urinary tract infection (UTI) were
investigated prospectively. APN was confirmed using
radioactive nuclide 99mTc-DMSA scanning. The white
blood cell (WBC) count, erythrocyte sedimentation rate
(ESR), serum C-reactive protein (CRP), and MPV of both
groups were measured and compared.

Results The WBC count, MPV and ESR values, and the
serum concentration of CRP were higher in the APN group
than in the lower UTI group (p < 0.05). In the children
with APN, the optimal cut-off value for the MPV was 8.2 fl
[area under the curve (AUC): 0.906], with sensitivity of
81.4 % and specificity of 86.3 %. The MPV was associated
with APN (p = 0.001), and the sensitivity and specificity
of the MPV for the diagnosis of APN were higher than
those of the other inflammation markers. MPV > 8.2 fl
yielded an adjusted OR of 7.8 (95 % CI 3.3-18.4,
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p <0.001) for APN. MPV > 8.2 fl was significantly
associated with late renal scar formation (adjusted OR 5.7,
95 % CI 2.3-13.8, p < 0.001).

Conclusion The MPYV is a fast and reliable measurement
with considerable predictive value for the diagnosis of
APN and renal scars, and its predictive capacity is better
than that of CRP, ESR, and WBC values.

Keywords Acute pyelonephritis - Childhood - Mean
platelet volume

Introduction

Urinary tract infections (UTIs) are common bacterial
infectious diseases in infants and children [1]. UTIs can
occur as bladder infections (lower UTI) or can also involve
the kidneys (acute pyelonephritis) [2, 3]. Differentiating
between these diseases is particularly difficult in infants and
children, but it is necessary because pyelonephritis can lead
to renal scar formation, high blood pressure, and end-stage
renal failure in later life [4]. The prevalence of renal scar-
ring due to acute pyelonephritis (APN) is 26.5-49 % [5].

A dimercaptosuccinic acid (DMSA) scan is considered
the gold standard in imaging to determine renal parenchy-
mal involvement [6]. However, a DMSA scan is not
available in all medical centers and exposes children to
radioactive chemicals. Although clinical symptoms, such as
fever, abdominal pain, flank pain, nausea, and anorexia, and
inflammatory markers, including white blood cells (WBC),
the erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP), can determine the location of a UTI, these
symptoms are not always reliable [7]. Therefore, a practical
and prompt method that could assist clinicians in differen-
tiating between upper and lower UTI is required.
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There are several studies suggesting that platelets play
an important role in the inflammatory response. Multiple
inflammatory factors, such as cytokines and coagulation
factors, are secreted by platelets [8]. The mean platelet
volume (MPV) is a reflection of platelet size, which has
been shown to correlate with platelet function and activa-
tion. A higher MPV value is indicative of increased platelet
activity and thus more intense inflammation [9]. In recent
years, studies have reported that MPV may be used as an
inflammation marker in various diseases [10, 11].

We hypothesized that the MPV may be an easily mea-
surable and reliable diagnostic method for distinguishing
APN from lower UTIL. Thus, the aim of this study was to
determine the diagnostic value of the MPV in children with
APN.

Materials and methods
Study population

This prospective study was conducted in the Department of
Pediatrics at Adiyaman University Hospital, Turkey,
between January 2013 and May 2104. Ninety-four patients
aged from 2 months to 12 years with a first episode of UTI
were enrolled. Inclusion criteria were as follows: (a) a first
episode of a UTI; (b) the presence of clinical signs and
symptoms, such as fever, abdominal pain, flank pain,
dysuria, anorexia, and nausea; (c) pyuria (>5 white blood
cells per high-power field on spun urine); and (d) a positive
urine culture. A positive urine culture was defined as more
than 10° colony-forming units (CFUs)/ml of a single
pathogen in a midstream clean-void urine sample or 10*
CFUs/ml of a single pathogen in a sample obtained via
urinary catheterization [12]. Patients with more than one
organism in urine culture and those who had received
antibiotic therapy or had a concomitant disease, such as
septicemia, any type of renal disorder, congenital anoma-
lies of the kidney and the urinary tract, chronic renal fail-
ure, or a previous diagnosis of vesicoureteral reflux (VUR),
were excluded. Subjects with a history of smoking and
patients with inflammatory, autoimmune, chronic infec-
tious diseases, anemia, obesity, hypercholesterolemia,
hypertension, diabetes mellitus, and chronic renal insuffi-
ciency were also excluded from the study.

Data from the analyses of the urine samples obtained by
the midstream clean catch method in toilet-trained children
and by urinary catheter in infants and small children were
used. Immediately after collection, the samples were
inoculated on plates containing sheep blood agar and
MacConkey agar. All of the plates were inoculated at
35-37° C and examined 24-48 h after culturing to deter-
mine the colony count and to identify the bacteria.

All the patients underwent renal bladder ultrasonography
(US) within 48 h of admission, in addition to a DMSA scan
within 5 days of admission. Based on the results of the
DMSA renal scan, the patients were divided into APN and
lower UTI groups [6]. In the DMSA scan, APN was diag-
nosed upon observation of focal or diffuse areas of dimin-
ished uptake that are associated with preservation of renal
cortical outline. Renal scar formation was diagnosed by
decreases in kidney volume (manifested by cortex attenu-
ation, renal morphological abnormality, or profile shrink-
age), with wedge-shaped defects [2]. A lower UTI was
diagnosed by a normal DMSA scan. A late DMSA scan was
performed in cases with an atypical UTI [seriously ill, poor
urine flow, abdominal or bladder mass, raised creatinine,
septicemia, failure to respond to correct antibiotic treatment
within 48 h, or infection with non-Escherichia coli (E. coli)
organisms], positive US, or positive acute findings on
DMSA scintigraphy 6 months later. The renal scarring was
assessed by the findings of 99mTc-DMSA semi-quantita-
tively by one radiologist who was blind to clinical signs and
symptoms. Voiding cystourethrography (VCUG) was used
for select cases with positive findings on US or DMSA
scintigraphy and an atypical UTT [13].

This study was approved by the Ethics Committee of
Adiyaman University (No. 2013/11-1.2), and informed
consent was obtained from all parents before study entry.

Data acquisition

The age, gender, weight, height, clinical findings, values of
CRP, ESR, and MPV, and WBC counts, in addition to the
results of urinalysis, urine culture, US, DMSA, and VCUG,
were recorded from the patients’ charts.

Blood samples

Blood from both groups was drawn by venipuncture before
and after antibiotic therapy. Each sample of whole blood
was collected in tubes containing ethylenediaminete-
traacetic acid and processed within one hour. The Sysmex
XT 2000i (Roche Diagnostics GmbH, Mannheim, Ger-
many) automated analyzer was used for complete blood
counts. The reference range for the MPV was between 7.0
and 11 fl. The CRP levels were measured with the spec-
trophotometric method using the Cobas ¢ 501 module of the
Cobas 6000 series autoanalyzer (Roche Diagnostics GmbH,
Mannheim, Germany). The ESR levels were measured by
the Alifax SIR20 (SIRE Analytical Systems, Udine, Italy).

Statistical analysis

For the evaluation of the patient data, the Statistical
Package for the Social Sciences, version 15.0, (SPSS, Inc.,
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Chicago, IL) software was used. A Chi square test or
independent two-sample ¢ test was used to compare vari-
ables between the two groups. The discriminative ability of
each biomarker for APN was evaluated by drawing recei-
ver operating characteristic (ROC) curves for the bio-
markers and calculating their sensitivity, specificity,
predictive values, and likelihood ratios. The relationships
between APN/late renal scars and the MPV, CRP value,
WBC count, and ESR were analyzed with backward,
stepwise multivariate logistic regression models for each
biomarker if the model assumption of linearity was vio-
lated. The mean &+ SD of all the determined values was
obtained. A p value <0.05 was considered statistically
significant.

Results

Among the 94 children with a first episode of a UTI, 43 had
APN (30 females and 13 males), and 51 had a lower UTI
(36 females and 15 males) (p = 0.389). The minimum and
maximum ages of the patients in the APN group were
3 months and 11 years, respectively, with a mean of
2.1 + 1.98 years. Seven males and seven females in the
APN group were <1 year, four males and 14 females were
between 1 and 3 years, and two males and nine females
were >3 years. The minimum and maximum ages of the
patients in the lower UTI group were 2 months and
12 years, respectively, with a mean of 2.3 & 2.18 years.
Seven males and 11 females in the lower UTI group were
<1 year, five males and 16 females were between 1 and
3 years, and three males and nine females were >3 years
(p = 0.890). There was no statistically significant differ-
ence between the two groups in terms of age and gender
(p > 0.05).

The most frequent clinical symptoms in the APN and
lower UTI patients were fever, anorexia, and dysuria.
Among the patients with APN, 35 had fever with temper-
ature >39 °C (81.4 %), 30 had anorexia (69.8 %), 26 had
dysuria, or crying while urinating (60.5 %), 15 had
abdominal pain (34.9 %), and eight had nausea (18.6 %).
These ratios in the patients with lower UTI were 56.9, 64.7,
62.7, 29.4, and 15.6 %, respectively. Fever (>39 °C) was
more frequently observed in the patients with APN
(p = 0.01), but there was no statistically significant dif-
ference between the two groups in terms of other symptoms
(» > 0.05). E. coli was the most common organism
responsible for the UTIs in the two groups: 69.8 % in APN
cases and 78.4 % in lower UTI cases (p = 0.642). Gram-
positive organisms were 11.6 % in APN cases and 9.6 % in
lower UTI cases. Abnormal findings on the US in the APN
group were dilation of the pelvicalyceal system (27.9 %),
hydronephrosis ~ (11.6 %),  ureteropelvic  junction
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Table 1 Comparison of laboratory findings between acute pyelone-
phritis and lower UTI groups

APN patients Lower UTI patients p value
(n = 43) (n =351)
MPV(fl)* 9.41 £ 0.79 7.95 + 0.64 <0.001*
PLT(mm®)?® 307,418 + 105,570 324,254 + 92,418 0412
WBC(/mm®)* 16,369 + 7,051 10,639 £ 5,022 <0.001*
CRP(mg/dL)* 27.19 £ 18.29 10.10 £+ 4.56 <0.001*
ESR(mm/h)* 29.53 £ 17.31 17.82 £ 1243 0.001*

WBC white blood cell, ESR erythrocyte sedimentation rate, CRP
C-reactive protein, MPV mean platelet volume, PLT platelet count

*p <0.05
? Values are presented as mean £+ SD

obstruction (2.3 %), and kidney stones (4.6 %). These
values in the lower UTI group were 9.2, 4.6, 2.3, and 2.3 %,
respectively. Late renal scar formation was detected in 17
APN patients (39.5 %) and three lower UTI patients
(5.9 %). VCUG was performed in 22 APN patients and
eight lower UTI patients. VUR was detected in ten APN
patients (23.3 %) (five had grade 1 VUR, two had grade 2
VUR, and three had grade >3 VUR) and two lower UTI
patients (one had grade 1 VUR, and one had grade 2 VUR).

The WBC count, MPV and ESR values, and serum
concentrations of CRP were higher in the APN group than
in the lower UTI group (p < 0.001) (Table 1). The sensi-
tivity, specificity, positive predictive values, negative pre-
dictive values, positive likelihood ratios, and negative
likelihood ratios of the inflammatory markers were deter-
mined with different cut-off values (Table 2). The median
area under the ROC curve was 0.906 for the MPV [95 %
confidence interval (CI) 0.828-0.957, p = 0.001], 0.813
for CRP (95 % CI 0.720-0.886, p = 0.001), 0.744 for the
WBC count (95 % CI 0.644-0.829, p = 0.001), and 0.717
for the ESR (95 % CI 0.614-0.805, p = 0.01) (Fig. 1).

In all UTT patients, no statistically significant difference
was found in MPV values between the patients with Gram-
positive infections and Gram-negative infections
(8.74 £ 0.78 and 9.02 £ 0.69 fl, respectively; p = 0.679).
The MPV values were higher in patients with VUR com-
pared to patients without VUR (9.79 &£ 0.88 and
8.71 £ 0.69 fl, respectively; p = 0.001). Also, MPV val-
ues were higher in the patients with late renal scars com-
pared to patients without late renal scars (9.71 £ 0.82 and
8.61 £+ 0.62 fl, respectively; p < 0.001).

The MPV was significantly associated with APN
(Table 3). MPV > 8.2 fl yielded an adjusted OR of 7.789
(95 % CI 3.299-18.388, p < 0.001). The CRP and WBC
count were also significantly related to APN. The ESR was
not related to APN. The MPV was significantly associated
with late renal scars (Table 3). MPV > 8.2 fl yielded an
adjusted OR of 5.696 (95 % CI 2.348-13.821, p < 0.001).
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Table 2 Diagnostic accuracy

Variable Sensitivity ~ Specificity ~ Positive Negative Positive Negative LR
of MPV, CRP, ESR and WBC predictive predictive LR
Count for APN value value
MPV > 8.2 81.4(67-92) 86.3(74-94) 83.3(69-93) 84.6(72-93)  5.93(5-7) 0.22(0.1-0.5)
MPV > 9.0 76.7(61-88) 88.2(76-95) 84.6(69-94)  81.8(69-91)  6.52(5-8)  0.26(0.1-0.7)
MPV > 9.5 53.5(38-69) 94.1(84-99) 88.5(70-97) 70.6(58-81)  9.09(7-12) 0.49(0.2-1.6)
CRP > 6 83.7(69-93) 64.7(50-78) 66.7(52-79)  82.5(67-93)  2.37(2-3)  0.25(0.1-0.5)
CRP > 10 81.4(67-92) 72.5(58-84) 71.4(57-83) 82.2(68-92) 2.97(2-4) 0.26(0.1-0.6)
CRP > 20 58.1(42-73) 82.3(69-92) 73.5(56-87) 70.0(57-81)  3.29(3—4) 0.51(0.3-1.0)
WBC > 10,000 76.7(61-88) 66.7(52-79) 66.0(51-79)  77.3(62-88)  2.30(2-3)  0.35(0.2-0.7)
WBC > 12,000 74.4(59-86) 74.5(60-86) 71.1(55-84) 77.6(63-88)  2.92(2—4)  0.34(0.2-0.7)
WBC white blood cell, ESR WBC > 15,000 58.1(42-73) 86.3(74-94) 78.1(60-91)  71.0(58-82)  4.24(3-6)  0.49(0.2-1.1)
erythrocyte sedimentation rate, ESR > 10 81.4(67-92) 47.1(33-61) 56.5(43-69)  75.0(56-89) 1.54(1-2)  0.40(0.2-0.8)
CRP C-reactive protein, MPV ESR > 20 60.4(44-75) 68.6(54-81) 61.9(45-77)  67.3(53-80) 1.93(1-3)  0.58(0.3-1.0)
mean platelet voliime, LR ESR > 30 46.5(31-62) 82.3(69-92) 69.0(49-85) 64.6(52-76)  2.64(2-4)  0.65(0.3-1.3)

likelihood ratios
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Fig. 1 ROC curves of MPV, CRP, ESR and WBC count for APN

VUR was also significantly related to late renal scars (OR
0.061, 95 %CI 0.013-0.297, p = 0.001). The CRP, WBC
count, and ESR were not related to late renal scars.

The before and after treatment values of MPV were
9.41 £ 0.79 and 7.62 £ 0.87 fl, respectively, and the CRP
levels were 27.19 £ 18.29 and 6.13 &+ 3.14 mg/dL,
respectively. Significant differences in the MPV and CRP
were observed before and after treatment (p < 0.05).

Discussion

We demonstrated that the MPV is a fast and reliable
measurement and that it has considerable predictive value
for the diagnosis of APN and renal scars. Moreover, its
predictive capacity was better than that of the CRP, ESR,
or WBC values regardless of considered thresholds.

Table 3 Relationship between APN or late renal scars and MPV,
CRP, WBC and ESR Count

Variables Odds ratio 95 % CI p value
APN

MPV (>8.2 fl) 7.789 3.299-18.388 <0.001*
CRP (>10 mg/dL) 1.059 1.013-1.107 0.011*
WBC (>15,000/mm?) 1.000 1.000-1.000 0.024*
ESR (>15 mm/h) 1.002 0.961-1.045 0.924

Late renal scars

MPV (>8.2 fl) 5.696 2.348-13.821 <0.001*
CRP (>10 mg/dL) 0.997 0.963-1.033 0.866

WBC (>15,000/mm?) 1.000 1.000-1.000 0.620

ESR (>15 mm/h) 0.980 0.942-1.019 0.313

APN acute pyelonephritis, MPV mean platelet volume, CRP C-reac-
tive protein, WBC white blood cell, ESR erythrocyte sedimentation
rate, 95 % CI 95 % confidence interval

*p <0.05

Delay in the diagnosis of APN can lead to severe
complications, such as renal scarring, arterial hypertension,
and chronic renal failure. Differentiating APN from lower
UTI is difficult based on common clinical manifestations
and laboratory indices. Although the DMSA renal scan is
the gold standard to differentiate APN from lower UTI, it is
not available in all medical centers. In addition, this
method is costly and exposes children to radioactive
chemicals. Furthermore, DMSA cannot distinguish
between old scarring and acute parenchymal involvement
[14, 15]. Thus, an easier and more practical method is
necessary.

Serum CRP, ESR, and WBC are acute-phase reactants
that are used to diagnose APN and to distinguish APN from
lower UTI [16]. Some studies reported that CRP, ESR, and
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WBC values were neither entirely sensitive nor specific for
distinguishing APN from lower UTI [17-19]. Others
reported that rapid diagnostic tests, such as serum pro-
calcitonin, interleukin (IL)-1p, IL-6, and IL-8, can be used
to diagnose APN [19, 20]. In contrast, some studies found
that these rapid diagnostic tests were not valuable markers
for differentiating between APN and lower UTI [21, 22].

The MPV is a simple, cheap, and easy biomarker of
platelet function because it can be measured in almost all
laboratories. The platelet volume is correlated with platelet
function and activation [23]. In addition to their primary
hemostatic function, platelets are involved in the patho-
genesis of infectious diseases [24]. Previous studies sug-
gested that cytokines, such as IL-3 and IL-6, may influence
megakaryocyte ploidy, leading to the production of larger
and more reactive platelets [25]. Sheu et al. [20] showed
that invasion of the lipid A component of endotoxin and P
fimbriae present in E. coli and other Gram-negative bacteria
induces inflammation and the release of IL-1p, IL-6, and
IL-8 cytokines. Hence, elevated levels of IL-6 in APN
might be the result of an increased MPV. Based on obser-
vations of the MPV, we hypothesized that this inflammation
marker might be used for the diagnosis of APN.

To our knowledge, only one study has investigated the
relationship between the MPV and APN. In our study, the
values of all the inflammatory markers (WBC, ESR, CRP,
and MPV values) were greater in the APN group than in
the lower UTI group. These findings are compatible with
those of Catal et al. [26]. They noted that platelet counts
were higher in APN patients and MPV values were higher
in Gram-positive infections compared with Gram-negative
infections. In contrast to their study, we found that the
platelet counts in the APN and lower UTI patients were
similar. In addition, there was no statistically significant
difference in MPV values between those with Gram-posi-
tive infections and Gram-negative infections. Catal et al.
did not provide data on the sensitivity and specificity of the
MPV or the other acute-phase reactants assessed in their
study. They also provided no data on the relation between
the MPV and late renal scars. In our study, the sensitivity,
specificity, and positive and negative predictive values of
the MPV using a cut-off value of >8.2 fl was 81.4, 86.3,
84.6, and 83.3 %, respectively, in predicting APN. Based
on the ROC curve, the sensitivity, specificity, positive
predictive value, and negative predictive value of the MPV
were higher than those of the WBC, CRP, and ESR levels.
The MPV (OR 7.789, 95 % CI 3.299-18.388, p < 0.001),
CRP (OR 1.059, 95 % CI 1.013-1.107, p = 0.011), and
WBC (OR 1.000, 95 %CI 1.000-1.000, p = 0.024) were
significantly related to APN. However, the ESR was not
related to APN.

The MPV and CRP levels after the treatment signifi-
cantly decreased compared with those before the treatment

@ Springer

(p < 0.05), suggesting that both biomarkers can be used for
observing pathogenesis and curative effects. We also found
that the MPV (OR 5.696, 95 % CI 2.348-13.821,
p < 0.001) and VUR (OR 0.061, 95 %CI 0.013-0.297,
p = 0.001) were significantly associated with renal scars.
There was no association between CRP, WBC, and ESR
levels and late renal scars.

Conclusion

MPV is a simple parameter that is provided by most
commercially available automated hematology analyzers.
Our data from this study suggest that MPV values were
significantly higher among patients with APN and that
MPV is a reliable marker for differentiating APN from
lower UTIs. They also indicate that the MPV is a reliable
marker for predicting late renal scars. Further studies with
a larger patient population are required to establish the
exact role of MPV values in patients with APN.
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