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Abstract

Background: Urinary tract infections (UTIs) are very common in children. Several biomarkers have been used for the diagnosis of
UTI and prediction of renal parenchymal involvement.
Objectives: This study aimed to evaluate plasma D-dimer as a diagnostic marker of UTI in children.
Methods: This cross-sectional study included 41 children aged 1 month to 14 years with their first febrile UTI confirmed by positive
urine culture referred to Bandar Abbas Children’s Hospital, Iran, from October 1, 2017, to April 1, 2018. Participants’ demographic
features, including age and gender were recorded. White blood cell (WBC) count, percentage of neutrophils, erythrocyte sedimen-
tation rate (ESR), C-reactive protein (CRP), and serum D-dimer were measured in random blood samples for all the patients.
Results: Out of 41 children (mean age: 5.50± 4.01 years) evaluated in this study, 6 (14.6%) were male, and 35 (85.4%) were female. The
mean plasma D-dimer level was 1496.49 ± 2787.55 µg/L. A significant positive correlation was found between D-dimer with ESR (r =
0.647, P = 0.026) and CRP (r = 0.525, P = 0.001). Plasma D-dimer was not associated with age; however, age was inversely correlated
with WBC count (r = -0.327, P = 0.037). No significant relationship was found between plasma D-dimer, ESR, CRP, WBC count, and
neutrophil percentage with gender (P > 0.05).
Conclusions: According to our results, in children aged 1 month to 14 years with culture-confirmed UTI, plasma D-dimer is positively
correlated with ESR and CRP. Nevertheless, D-dimer appears not to be influenced by age or gender. Further studies are required to
confirm the utility of D-dimer as a diagnostic marker of UTI in children.
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1. Background

Urinary tract infection (UTI), the most common bacte-
rial infection of childhood, is associated with long-term
and potentially irreversible complications such as renal
scarring, hypertension, and end-stage renal disease (1).
Early diagnosis, adequate and timely treatment, as well as
extended follow-up can reduce these complications.

Factors including age, gender, and circumcision status
in boys influence the epidemiology of UTI during child-
hood. During the first year of life, especially the first three
months, boys are more susceptible to UTI, but thereafter,
UTI occurs more frequently in girls (2). Up to the age of 7
years, at least one episode of UTI occurs in approximately
5% of girls and 2% of boys (3).

Although urine culture remains the gold standard for
the diagnosis of UTI (4), various serum and urine biomark-
ers have been studied in this regard, including C-reactive
protein (CRP), serum white blood cell (WBC) count, leuko-
cyte esterase, procalcitonin, plasma neutrophil gelatinase-

associated lipocalin, immunoglobulin A, xanthine oxi-
dase, lactoferrin, interleukins, heparin-binding protein,
myeloperoxidase, and many others (5, 6). Of note, despite
the acceptable performance of some of these markers in
the diagnosis of UTI, their utility is limited due to the cost
and availability.

D-dimer is a fibrin degradation product reflecting the
activation of the coagulation system (7). Moreover, as an
acute phase reactant, D-dimer increases in inflammatory
conditions with the stimulation of high levels of cytokines
(8). However, the correlation between D-dimer levels and
infections or inflammation have only been addressed in
few studies (9).

2. Objectives

This study aimed to evaluate the role of plasma D-
dimer as a marker of UTI in pediatric patients aged 1 month
to 14 years.
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3. Methods

3.1. Participants

This cross-sectional study included febrile children
with symptoms of UTI admitted to Bandar Abbas Chil-
dren’s Hospital from October 1, 2017 to April 1, 2018. In-
clusion criteria were age of 1 month to 14 years and posi-
tive urine culture (≥ 105 CFU/mL in bagged specimens, ≥
104 CFU/mL in catheterized specimens, or≥ 102 CFU/mL in
suprapubic aspirations). Exclusion criteria were any un-
derlying diseases, including liver or kidney conditions, his-
tory of recurrent UTIs, immune deficiency, coagulation dis-
orders, drug history of antibiotics or anticoagulants, and
presence of infection in other organs. Based on the study
by Rodelo et al. (10), the sample size was calculated as at
least 38 patients, with an expected correlation coefficient
of 0.60, α = 0.05, and β = 0.02.

3.2. Study Design

Demographic features of all patients, including age
and gender were recorded. All patients were visited and ex-
amined by a pediatric nephrologist. Body temperature was
measured using a standard tympanic thermometer and
fever was defined as > 38°C in children < 3 years, > 37.8°C
in children 3 - 11 years, and > 37.6°C in children > 11 years.
Accordingly, all children in the study were febrile. Urinal-
ysis and urine culture were performed for all participants
and those with a positive urine culture were included. Be-
fore the initiation of antibiotics, a random venous blood
sample was collected from each participant. D-dimer was
measured quantitatively using latex enhanced immuno-
turbidometric assay (Sclavo D-Dimer kit, Sclavo Diagnos-
tics International, Italy) with Mindray-BS-800M Clinical
Chemistry Analyzer (Shenzhen Mindray Bio-Medical Elec-
tronics Co., Ltd, China). WBC count was determined using
an automated blood cell counter. The percentages of neu-
trophils were also noted. Erythrocyte sedimentation rate
(ESR) was measured using an ESR reader. CRP was mea-
sured quantitatively using Pars Azmoon kits (Pars Azmoon
Inc., Tehran, Iran) and a biochemistry autoanalyzer (Tech-
nicon RA-1000, Technicon Instruments Corp. Terrytowen,
NY, USA) with the immunoturbidity method.

3.3. Data Analysis

The Statistical Package for the Social Sciences (SPSS)
software (version 25.0, Armonk, NY: IBM Corp., USA) was
used for data analysis. Mean, standard deviation, fre-
quency, and percentages were used to describe the results.
Based on the results of Kolmogorov-Smirnov normality
test, Spearman’s correlation test was used to evaluate the
correlation of D-dimer with other markers, as well as all the
markers with age. WBC count and neutrophil percentage

were normally distributed in both genders; thus, the in-
dependent t-test was used to compare them between male
and female participants. The Mann-Whitney test was used
for the comparison of other markers by gender. P-values≤
0.05 were considered statistically significant.

4. Results

Out of 41 children (mean age: 5.50 ± 4.01 years) in-
cluded in this study, 6 (14.6%) were male, and 35 (85.4%)
were female. General characteristics of the study popula-
tion are demonstrated in Table 1.

Table 1. General Characteristics of the Study Populationa

Variables Results

Gender

Male 6 (14.6)

Female 35 (85.4)

Age, y 5.50 ± 4.01

D-dimer, µg/L 1496.49 ± 2787.55

CRP, mg/L 11.05 ± 10.15

ESR, mm/h

W

WBC count, /µL 9617.07 ± 3527.37

Neutrophil, % 54.61 ± 21.79

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; N,
number; SD, standard deviation; WBC, white blood cell.
aValues are expressed as No. (%) or mean ± SD.

While plasma D-dimer level and WBC count were
higher in females, CRP, ESR, and neutrophil percentage
were higher in males; however, none of the gender differ-
ences were statistically significant (Table 2). Only the cor-
relation between WBC count and age was significant (r =
-0.327, P = 0.037). The inverse correlation of D-dimer with
age was not statistically significant (r = -0.185, P = 0.247) (Ta-
ble 3).

Table 2. Comparison of D-Dimer and Other Markers by Gendera

Variables Girls (N = 35) Boys (N = 6) P-Valueb

D-dimer, µg/L 1645.78 ± 2985.68 625.59 ± 693.15 0.253†

CRP, mg/L 10.31 ± 9.8 12.04 ± 15.33 0.447†

ESR, mm/h 29.37 ± 27.19 33.50 ± 31.37 0.839†

WBC count, /µL 9742.86 ± 2657.65 8883.33 ± 7124.16 0.781

Neutrophil, % 53.66 ± 22.30 60.17 ± 19.36

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; N,
number; SD, standard deviation; WBC, white blood cell.
aValues are expressed as No. (%) or mean ± SD.
bAnalyzed by independent t-test; †, Analyzed by Mann-Whitney test.
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Table 3. Correlation of D-Dimer and Other Markers with Age

Variables Correlation Coefficient P-Valuea

Age

D-dimer -0.185 0.247

CRP -0.277 0.080

ESR 0.044 0.785

WBC count -0.327 0.037

Neutrophil percentage 0.307 0.051

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;
WBC, white blood cell.
aAnalyzed by Spearman’s correlation test.

Plasma D-dimer level was significantly correlated with
ESR (r = 0.647, P = 0.026) and CRP (r = 0.525, P = 0.001); how-
ever, there was no significant association between D-dimer
with WBC count and neutrophil percentage (P > 0.05) (Ta-
ble 4).

Table 4. Correlation of D-Dimer with Other Markers

Variable Correlation Coefficient P-Valuea

D-dimer

CRP 0.525 0.001

ESR 0.647 0.026

WBC count 0.236 0.137

Neutrophil percentage 0.201 0.208

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;
WBC, white blood cell.
aAnalyzed by Spearman’s correlation test.

5. Discussion

In the current study, we found a significant positive
correlation between plasma D-dimer level with ESR and
CRP in children. Since ESR and CRP are confirmed indi-
cators of inflammation, this shows that D-dimer can also
be indicative of inflammation. It has been shown that D-
dimer can be used for the assessment of coagulation disor-
ders, as well as the presence and severity of acute infection
in children. Also, it has been reported that along with other
inflammatory markers, D-dimer can be used as an inflam-
matory marker in infants with febrile UTI (9).

Since D-dimer is the final product of fibrin degrada-
tion and reflects the activation of the coagulation cascade,
its levels can increase in conditions involving thrombosis,
such as venous thromboembolism, disseminated intravas-
cular coagulation (DIC), infection, inflammation, and even
stroke or ischemic heart disease (7, 11). Indeed, D-dimer
has long been a part of the criteria for the diagnosis of

pulmonary thromboembolism (12). Sharma et al. recom-
mended the measurement of D-dimer in children with sep-
sis for the early prediction of DIC (13). Also, D-dimer has
been proposed as an appropriate prognostic marker in pe-
diatric acute appendicitis (14). Nonetheless, only one pre-
vious study conducted by Lee et al. (9) reported its signif-
icance as an inflammatory marker of UTI; in their study,
D-dimer was superior to other markers, including serum
WBC count and ESR, but was inferior to CRP in predicting
upper UTI (9). D-dimer has also been proposed as a strong
prognostic factor in patients with suspected infection or
sepsis (10).

Another finding of the current study was that plasma
D-dimer level was not influenced by age or gender. This
adds to the applicability of this test for the diagnosis of
UTI in children. However, whether plasma D-dimer is sensi-
tive and specific enough in this regard to dispense us with
other laboratory investigations is debatable and requires
further studies.

D-dimer is a simple, relatively inexpensive and avail-
able test which shows the activity of the coagulation sys-
tem and potentially the severity of host response to infec-
tion. Nonetheless, D-dimer results are dependent on the
sensitivity and specificity of the measurement kits used for
this purpose. Thus, change in D-dimer levels can be more
useful than its absolute values. Moreover, renal dysfunc-
tion and the resultant decrease in D-dimer excretion may
not be the only reason for increased D-dimer levels, and
activation of the coagulation system in such patients can
be another cause (15, 16). That is why we excluded patients
with underlying kidney diseases.

Other biomarkers such as mean platelet volume, pro-
calcitonin, neutrophil gelatinase-associated lipocalin, and
many more have been used for the diagnosis of UTI, espe-
cially in the pediatric population (17-20). Future studies are
required to compare the applicability of these biomarkers
with D-dimer.

One limitation of the current study was that we could
not assess the sensitivity and specificity of D-dimer for
the diagnosis of UTI since there were no controls such as
children with afebrile UTI or febrile illness due to condi-
tions other than UTI. Although our findings suggest that
D-dimer can be used as an alternative for ESR or CRP in case
of limited resources, it is not clear what real value measure-
ment of D-dimer adds to the evaluation or management
of patients with suspected or known UTI. Therefore, in fu-
ture studies, a case-control design with a larger sample size
would be preferred.

5.1. Conclusions

The results of the current study demonstrated that D-
dimer is a useful marker for the diagnosis of UTI in chil-
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dren, regardless of age and gender. However, its diagnostic
performance has to be further determined.
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