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Can immature granulocyte count and hemogram indices be
good predictors of urinary tract infection in children?
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Abstract

Objectives: A left shift in a complete blood count (CBC) indicates the presence of immature granulocytes (IGs), and an
elevated count is associated with a bacterial infection. The aim of this study was to evaluate the role of the IG count and
inflammatory CBC parameters and indices in children with a urinary tract infection (UTI).

Methods: In this retrospective study, 55 children with a UTI (patient group) and 47 children with no infection matched
for age and sex (control group) were enrolled. The symptoms, clinical findings, CBC parameters, and platelet-to-lym-
phocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammatory index (Sll), and urinalysis
findings were recorded. The C-reactive protein (CRP) level, urine culture results, and radiological data for the UTI group
were also noted and analyzed.

Results: The IG count; leukocyte, platelet, and neutrophil counts; and the CRP value were higher in the patient group
than in the control group (p=0.001, 0.001, 0.035, 0.001, and <0.001, respectively). The NLR, PLR, SlI, and mean platelet
volume were not significantly different between the groups. The median hemoglobin level was significantly lower in
the patient group than in the control group (10.9 g/dL vs. 12.2 g/dL; p=0.004). The area under the curve values for CRP,
and counts of IG, leukocytes, and neutrophils were 0.851 (95% confidence interval [CI]: 0.761-0.917), 0.736 (95% Cl:
0.633-0.823), 0.714 (95% Cl: 0.609-0.804), and 0.670 (95% Cl: 0.564-0.765), respectively.

Conclusion: The IG count is an easily obtained measurement that can be utilized alongside the CRP value and other
indicators to create better predictive value in the management of UTI.
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urinary tract infection (UTI) is one of the most common bac-

terial infections to occur in children. Prompt diagnosis and
efficient antimicrobial interventions are required to limit renal
scarring and progressive kidney injury [1]. Urine dipsticks and
microscopic analysis continue to be valuable tools for a pre-
sumptive diagnosis of UTI. Microscopic urinalysis is also used to
ascertain the number of leukocytes in the urine, which is a sen-
sitive indicator of inflammation associated with infection [1, 2].
As a consequence of the suboptimal sensitivity and specificity

of urinalysis parameters, alone and in combination, a urine cul-
ture is considered the most efficient test for the diagnosis of UTI
[2]. Significant bacteriuria in a patient with a negative urinalysis
may reflect a false-positive urine culture due to asymptomatic
bacteriuria or contamination [3]. Due to this potential for con-
fusion in the diagnosis of UTI, it is vital to support the diagnosis
with clinical (symptoms and examination findings), laboratory
(acute-phase reactants), and radiological findings (ultrasonog-
raphy or dimercaptosuccinic acid [DMSA]).
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The acute phase response of the body to an infectious agent
generally manifests as fever, leukocytosis, and an increase in
certain plasma proteins. Previous studies have provided po-
tential non-invasive biomarkers that may be used to identify a
systemic inflammatory response, including C-reactive protein
(CRP), procalcitonin, erythrocyte sedimentation rate (ESR), cy-
tokines, chemokines, cell surface antigens, and immunoglob-
ulins and antibodies for natural killer cells [4].

As well as acute-phase reactants, certain hemogram parameters
(neutrophil count, lymphocyte count, neutrophil percentage,
lymphocyte percentage, red blood cell distribution width [RDW],
platelet count, platelet hematocrit [PCT], platelet distribution
width [PDW] and platelet-large cell ratio [P-LCR]) can also be
early diagnostic markers of inflammation and bacterial infection
[5]. In addition, certain complete blood count (CBC) ratios, such
as the platelet-to-lymphocyte ratio (PLR), neutrophil-to-lympho-
cyte ratio (NLR), and the systemic immune-inflammatory index
(SI) values can also be indicators of inflammation [6].

Automated hematology analyzers can detect acute inflam-
mation by providing detailed data of a total white blood cell
(WBC) count, absolute neutrophil count (ANC), and band for-
mation, which may also provide early signs of inflammation or
infection. A left shift in the CBC reflects the presence of imma-
ture granulocytes (IGs), which mirror the neutrophil band, and
an elevated count is associated with a bacterial infection. The
IG count, which can be calculated by counting the cells in the
area above the neutrophil granulocytes on a 3D graph, is the
combination of promyelocyte, myelocyte and metamyelocyte
cells that mature with myeloid cells, and may be useful to a
prompt diagnosis of bacterial infection [7-9]. Although a CBC
is a fast, cost-effective, and reliable test, very few validation
studies have been published on its value to UTI diagnosis. It
could prove to be very useful.

The present study was designed to investigate the role of the
IG count and other inflammatory CBC parameters and indices
in the presence of systemic inflammation/infection in a pa-
tient diagnosed with a UTI. The area under curve (AUC) values
of CBC parameters and indices were calculated to evaluate the
prognostic value.

Materials and Methods

Study design

A total of 55 children diagnosed with a UTI (patient group) and
47 healthy children with a homogeneous distribution in terms
of age and gender (healthy control group) who were admitted
to the pediatric outpatient clinic of a single hospital between
May 2018 and May 2019 were included in this retrospective
study. The symptoms, clinical findings, and the results of CBC
and urinalysis for the whole study population, as well as CRP
level, urine culture, and radiological data for the UTI group,
were analyzed.

All of the data were assessed by 2 physicians (Si and MT) as
well as a third researcher (HKC) to detect any difference in in-

terpretation. The exclusion criteria for the research were age
>18 years, recent use of any medication, or the presence of
a bacterial infection other than a UTI, a history of hemolysis
or coagulopathy in the patient’s sample data, a diagnosis of a
chronic disease (such as autoimmune disease, obesity, diabe-
tes, chronic renal failure), and the presence of a hematological
or oncological disease.

The diagnosis of a UTlI was made according to guidelines
based on symptoms (including fever, nausea, vomiting, dy-
suria, and abdominal pain), clinical findings on examination
(including costovertebral angle or abdominal tenderness), the
presence of pyuria (more than 10 leukocytes per high power
field, nitrite and leukocyte esterase positivity), and a positive
urine culture. Radiological assessment records (ultrasonogra-
phy and voiding cystourethrography) and DMSA scintigraphy
were also evaluated for any possible underlying condition or
damage. Children who were examined in a routine check-up
at the outpatient clinic with no infectious condition and with
a normal urinalysis were accepted into the healthy control
group.

The laboratory data analyzed were obtained on the first sam-
pling after admission and before medication. The IG count,
IG percentage (IG count divided by WBCx100) and other
hemogram parameters were assessed using a Sysmex XN-
3100 device (Sysmex Corp., Kobe, Japan). The CRP level was
determined using a Roche Cobas-6000 analyzer (F. Hoffmann-
La Roche Ltd., Basel, Switzerland).

The between-group difference was assessed for the vari-
ables of age, sex, CRP level, leukocyte count, |G percentage
and count, neutrophil count, lymphocyte count, RDW, plate-
let count, PCT, PDW, P-LCR, PLR, NLR, SlI (neutrophil*platelet/
lymphocyte), and leukocyturia and erythrocyturia assess-
ments.

The protocol for the present study was reviewed and ap-
proved by the ethics committee of Kog¢ University (approval
number: 2020.151.IRB2.041). The committee exempted the
authors from the need to obtain any additional informed con-
sent due to the retrospective design of the research.

Statistical analysis

The statistical analysis was performed using MedCalc Statisti-
cal Software version 12.7.7 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2013). The Shapiro-Wilk
test was applied to examine the normality of the distribution
of continuous variables. Descriptive statistics were presented
using the mean and SD for normally distributed variables and
the median (minimum-maximum) for non-normally distrib-
uted variables. Non-parametric statistical methods were used
for values with skewed distribution. The Mann-Whitney U
test was used to compare 2 non-normally distributed groups,
and normally distributed groups were evaluated using the
Student t-test. A chi-squared test was used to assess categor-
ical variables and the results were expressed as observation
counts (and percentages). Associations between the IG count,
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and other parameters were assessed using Spearman correla-
tion analysis. Variables with a p value of <0.05 in the univariate
analysis were tested using multivariate linear regression anal-
ysis to identify the important independent factors influencing
IG count.

Receiver operating characteristic analysis was performed to
evaluate the predictive ability of the parameters. Statistical
significance was defined as a 2-sided p-value of <0.05.

Results

The demographic, clinical, and radiologic characteristics of
the patients and controls are presented in Table 1. There was
no significant difference in age, gender, weight, or height. The
median age was 2.61 years (range: 0.05-14.9 years) and 5.01
years (range: 0.05-15.9 years) in the patient and control groups,
respectively. As presented in Table 1, the most frequent pre-
senting symptoms in the patients were dysuria, vomiting
(each 16.4%), and abdominal pain/restlessness (12.7%). On
examination, 40% of the patients had a fever and 7.3% had

suprapubic tenderness. Urinary system ultrasonography was
performed on 20% of patients and showed normal findings
(5.5%), bladder disease (5.5%), ureterocele (3.6%), a duplicat-
ed collecting system (3.6%), small kidney and hydronephrosis
(both 1.8%). Of 55 patients, voiding cystourethrography was
performed in 14 (25.4%), which revealed vesicoureteral reflux
in 8 patients (14.5%), and 5 underwent DMSA scintigraphy
(9.0%), which demonstrated unilateral hypoplasia in 2 (3.6%)
and renal scarring in 1 (1.8%) patient.

The median IG count was significantly higher in the patients
than in the controls (0.04 vs. 0.02; p=0.001), but there was no
significant between-group difference in the IG ratio (p=0.053)
(Table 2). The NLR, PLR, SSI, and MPV values were also not sig-
nificantly different. The median leukocyte, platelet and neu-
trophil counts, as well as the CRP value, were higher in the pa-
tient group than in the control group (p=0.001, 0.035, 0.001,
and <0.001, respectively). The median hemoglobin level was
significantly lower in the patients (10.9 g/dL vs. 12.2 g/dL;
p=0.004). The leukocyte esterase result was 1+ in 5 (9.1%), 2+
in 10 (18.2), and 3+ in 37 (67.3%) patients, and the nitrite find-

Table 1. Demographic, clinical, and radiological features of the patients and the controls

Patients Controls P
(n=55) (n=47)

Male/Female (n) 21/34 16/31 0.665
Age (years) 2.61(0.05-14.9) 5.01 (0.05-15.9) 0.695
Weight (kg) 12.5(5.0-82.0) 20.0 (4.0-82.0) 0.175
Height (m) 83.0 (55.0-172.0) 101.8 (52.0-177.0) 0.154
Presenting symptoms

Dysuria 9(16.4)

Vomiting 9(16.4)

Pain/restlessness 7(12.7)

Macroscopic hematuria 2(3.6)

Frequent urination 1(1.8)

Incontinence 1(1.8)
Examination findings

Fever 22 (40.0)

Suprapubic tenderness 4(7.3)
Radiological findings
Ultrasound (n=11)

Normal 3(5.5)

Bladder disease 3 (5.5)

Ureterocele 2(3.6)

Duplicated collecting system 2(3.6)

Hydronephrosis 1(1.8)

Small kidney 1(1.8)
Voiding cystourethrography (n=14)

Vesicoureteral reflux 8(14.5)

Normal 6(10.9)
DMSA scintigraphy (n=5)

Unilateral hypoplasia 2(3.6)

Renal scarring
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Table 2. Inflammatory parameters of the patients and the controls
Parameters Patients Healthy controls p*
(n=55) (n=47)
Immature granulocyte count (10°/L) 0.04 (0.01-0.43) 0.02 (0-0.08) 0.001
Immature granulocyte ratio (%) 0.30(0.10-6.10) 0.30 (0-1.00) 0.053
Neutrophil-to-lymphocyte ratio 1.63 (0.32-16.1) 1.62 (0.12-22.0) 0.648
Platelet-to-lymphocyte ratio 96.4 (27.7-348) 89.2 (29.2-2050) 0.822
Systemic immune inflammatory index 584(77.7-6455) 412 (56.5-4510) 0.194
Leukocyte count (10%/L) 12.8 (6.40-29.2) 9.60 (4.00-15.2) 0.001
Hemoglobin (g/dL) 10.9 (8.00-15.8) 12.2 (8.60-15.4) 0.004
Platelet count (10°/L) 337 (203-587) 306 (182-516) 0.035
Mean platelet volume (fL) 9.85 (7.6-12.2) 9.9 (8.50-12.5) 0.370
Neutrophil count (10°/L) 6.40 (1.40-17.7) 4.20 (1.30-9.80) 0.001
Lymphocyte count (10°/L) 4.10(1.10-14.2) 3.05(1.20-7.90) 0.155
C-reactive protein (mg/L) 10.8 (0.70-81.4) 0.95 (0.30-4.90) <0.001
Data are presented as the median (minimum-maximum). p*: Comparison between the patients and healthy controls using the Mann-Whitney U test.
Table 3. Urinalysis and urine culture results
Parameters Patients Controls P
(n=55) (n=47)
Leukocyteuria (HPF) 75.0 (10.0-2684) 3.0 (1.0-4.0) <0.001
Erythrocyteuria (HPF) 2.50 (0-582) 2.0 (0-56) 0.064
Leukocyte esterase, n (%)
1+ 5(9.1)-
2+ 10(18.2) -
3+ 37 (67.3) -
Negative 3(5.5) 47 (100)
Nitrite, n (%)
Positive 28 (50.9) =
Negative 27 (49.1) 47 (100)
Bacteria, n (%)
Escherichia coli 39(70.9)
Enterococcus spp. 7 (12.7)
Pseudomonas aeruginosa 5(9.1)
Klebsiella pneumonia 3(5.5)
Enterobacter cloaca 1(1.8)

Data are presented as the median (minimum-maximum) or n (%). HPF: High power field.

ing was positive in 28 (50.9%) patients. The most common mi-
croorganisms found were Escherichia coli, Enterococcus spp.,
and Pseudomonas aeruginosa, as shown in Table 3.

Positive correlations between the IG count and inflammatory
parameters were observed in the Sll, NLR, and CRP values. The
CRP level was an independent predictor ($=0.338; p=0.025)
for the IG count (Table 4).

The AUC values for the CRP level, IG count, and leukocyte and
neutrophil counts were 0.851 (95% Cl:0.761-0.917), 0.736 (95%
Cl: 0.633-0.823),0.714 (95% Cl: 0.609-0.804), and 0.670 (95% Cl:
0.564-0.765), respectively. The cut-off value of the IG count as

a predictor of UTI was >0.03, with a sensitivity and specificity
value of 65.45% (95% Cl: 51.4-77.8) and 65.96% (95% Cl: 50.7-
79.1), respectively (Fig. 1).

Discussion

The results of the present study demonstrated a significant in-
crease in IG, leukocyte, neutrophil, and platelet counts, as well
as CRP level and a significant decrease in hemoglobin levels
in children with a UTI. Additionally, a notable correlation be-
tween the IG count and the Sll, NLR, platelet count, and CRP
level was observed.
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Table 4. Correlations between the immature granulocyte count, inflammatory parameters, and hemoglobin level

Univariate analysis

Multivariate analysis

Dependent variable Predictors r P Beta* 95% CI P
(Lower-upper bound)

IG count Sl 0.376 0.005 0.193 0.000-0.000 0.536
NLR 0.293 0.030 -0.194 -0.036-0.019 0.538
CRP 0.298 0.040 0.338 0.000-0.002 0.025
PLR 0.012 0.934
Hemoglobin -0.065 0.639
Platelet count 0.295 0.029
Leukocyturia 0.177 0.197

r: Spearman correlation coefficient; * Standardized beta coefficient. IG: Immature granulocyte count; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; SlI: Systemic

immune inflammatory index.
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Figure 1. Comparison of the receiver operating characteristic (ROC)
curve analyses. The area under ROC curves for C-reactive protein
(CRP), immature granulocyte (IG) count, and leukocyte and neutrophil
counts were 0.851 (95% confidence interval [Cl]: 0.761-0.917), 0.736
(95% Cl: 0.633-0.823), 0.714 (95% Cl: 0.609-0.804), and 0.670 (95% Cl:
0.564-0.765), respectively. The cut-off value for IG count as a predictor
of urinary tract infection was >0.03 with a sensitivity of 65.45% (95%
Cl: 51.4-77.8) and a specificity of 65.96% (95% Cl:50.7-79.1).

The 1G count is a relatively new marker in the CBC to poten-
tially detect inflammation or bacterial infection. Henriot et al.
[5] compared the IG count in children with viral or bacterial in-
fections with those observed in healthy children. A significant
difference was seen between children with viral (p=0.002) or
bacterial (p<0.001) infection and the healthy group. Nierhaus
et al. [10] evaluated 70 children with systemic inflammatory re-
sponse syndrome (SIRS) and reported a significant difference
in the IG count between the infected and noninfected patients
(p<0.001) with a sensitivity of 89.2% and a specificity of 76.4%,
notably in the first 48 hours. They also found that the I1G count
was a more indicative marker than other clinical parameters,
including the levels of CRP level, lipopolysaccharide-binding
protein, and interleukin 6, with a low sensitivity value of 68%.

There are very limited data on the relationship between IG
and UTI. Yoon et al. [11] investigated the role of the delta
neutrophil index (DNI), a parameter that illustrates the ratio
of IG to total the neutrophil count, in infants with bacteremia
associated with a febrile UTI. The authors found that the DNI
had a moderate diagnostic value (AUC: 0.727), with an optimal
cut-off value of 1.2% to detect bacteremia in infants with a
UTI. Significantly higher DNI values were observed in infants
with a UTl and concomitant bacteremia (p=0.006) than those
with a UTl and no bacteremia. Among infants and young chil-
dren with a febrile UTI, the DNI was found to be significantly
higher in the presence of vesicoureteral reflux (VUR) (p<0.01)
[12]. In this study, we found significantly higher IG counts in
the patient group than in the control group (p=0.001). In all,
40% of the patients had a fever and 25% had VUR. Due to the
relatively small number of patients in this study, we could not
conduct subgroup analysis of correlations between 1G count
and fever or VUR.

Inflammation is the first response of the immune system to
an infection, and is associated with increased leukocyte and
neutrophil counts [13]. The leukocyte and neutrophil counts
of the patient group in this study were significantly higher
than those of the control group (p=0.001). Though most UTIs
are of bacterial origin, there was no significant difference in
the lymphocyte count (p=0.155).

Defective iron homeostasis and the suppressive effects of
proinflammatory cytokines on erythropoiesis may cause
anemia associated with inflammation. Recent epidemiologi-
cal studies have demonstrated an association between ane-
mia and infection, chronic illnesses, obesity, aging, kidney
failure, cancer, and autoimmune diseases [14]. A significant
relationship between anemia and UTI has been reported in
previous studies. Certain inflammatory markers known to be
elevated in patients with a febrile UTI, such as plasma neu-
trophil gelatinase-associated lipocalin and CRP, have been
found to be negatively correlated with hemoglobin levels
(both p<0.001). In addition, the presence of anemia has also
been found to be an independent risk factor for renal scar-
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ring in children with a febrile UTI [15]. In the present study,
the hemoglobin level was significantly lower in the patient
group (p=0.004).

Platelets play a crucial role in the inflammatory process by
synthesizing various factors captured at the surface or in al-
pha granules, leading to a systemic immune response [16].
The MPV has been studied as an inflammatory marker related
to UTL. Lee et al. [17] determined that the MPV was an acute
phase reactant in children with a UTI. They found a significant
difference in the MPV level between a group with acute py-
elonephritis (APN) and a lower UTI group (p=0.011), while the
platelet count (p=0.742) did not differ significantly between
the groups. The MPV may increase with mild inflammation
due to large platelets in the peripheral blood or decrease in
the presence of severe inflammation as a result of the con-
sumption of large platelets [18]. In this study, the platelet
count was significantly higher in the patient group (p=0.035)
compared with that of the control group, while no significant
difference was seen in the MPV (p=0.370).

The assessment of the NLR, PLR, and Sl as novel inflammatory
markers to evaluate systemic inflammation in various diseases
continues. Can et al. [19] investigated the role of the NLR and
the PLR in 78 neonates with early-onset sepsis and reported a
significant between-group difference in both values (p=0.020
and p=0.001, respectively). In another study, Loonen et al. [20]
evaluated 125 adult patients with SIRS who presented at the
emergency department. Of 125 patients, 27 with a positive
blood culture had a significantly higher NLR value (p<0.001)
than the patients without positive blood culture. The prog-
nostic value of the NLR has also been investigated as a means
to predict APN in children with DMSA scan defects. The NLR
was significantly higher in the group of those with APN and
a DMSA defect (p<0.001) and was determined to be an inde-
pendent predictive factor for renal scarring (odds ratio: 1.603;
95% Cl:1.263-2.035; p<0.001). Researchers have also reported
similar predictive values for the NLR and CRP level (AUC: 0.713
and 0.726, respectively) [21].

The SII, based on peripheral lymphocyte, neutrophil, and
platelet counts, has been suggested as a better index of the
local immune response and systemic inflammation because
of its high prognostic value in various tumors [22, 23]. To our
knowledge, there is no study evaluating the role of Sll in chil-
dren with UTI. We found no significant difference between the
NLR, PLR, or SlI values in our study groups.

However, univariate analysis did reveal a significant correla-
tion between the IG count and the NLR (r=0.293; p=0.030),
Sl (r=0.376; p=0.005), platelet count (r=0.295; p=0.029), and
the CRP level (r=0.298; p=0.040). No correlations were seen
between the IG count and leukocyturia, nitrite, or leukocyte
esterase values. Additional research with a larger group of pa-
tients would be useful in this area.

CRP is one of the inflammatory markers used most often to
diagnose bacterial infection. Yet, it is noteworthy to recall
that the CRP level can also increase in many other conditions,

such as viral infection, non-infectious inflammatory diseases
(e.g., autoimmune and rheumatic disorders), and myocardial
infarction [24]. The predictive value of CRP in UTI has been in-
vestigated alone or in combination with other parameters in
several studies [25-27]. We recorded the highest AUC values
for the IG count and CRP level (Fig. 1). The sensitivity and spec-
ificity of the IG count to predict a UTl was 65.45% and 65.96%,
respectively, using a cut-off value of >0.03.

Lee et al. [12] reported a sensitivity value of <50% and a mod-
erate specificity ranging from 70% to 90% for the DNl as a pre-
dictor of UTI. In contrast, high sensitivity values of 82% to 95%
have been reported in other studies examining the IG count
and the DNI in patients with a UTI [10, 28]. This rather signifi-
cant sensitivity difference may be related to the adult age of
the study populations or the presence of systemic infection,
such as bacteremia or sepsis, in selected patients. Therefore,
further studies are needed to evaluate the diagnostic accura-
cy of the IG count in a larger pediatric population with a UTI.

Our findings suggest that the IG count may be most valu-
able as an additional test, rather than an absolute parameter,
in managing a UTI, given that the predictive value of the IG
count was not superior to CRP in the diagnosis.

The primary strength of this study is that, to our knowledge,
this is the first published research to evaluate the predictive
value of the IG count in children with a UTI. The use of an age-
and gender-homogenized control group is also valuable.

Nonetheless, the study does have some limitations: the num-
ber of patients was too small to perform subgroup analyses,
e.g., febrile vs. afebrile or a comparison based on VUR. Sensi-
tivity and specificity values for the IG count calculated with a
larger number of patients would be more accurate. Secondly,
this was a cross-sectional study. A determination of these val-
ues at different points in time would provide a better under-
standing of the role of the IG count in a UTI.

Conclusion

We found that the IG count was significantly elevated in chil-
dren with a UTI. This value can be determined quickly and easi-
ly using a cost-effective and readily available method, and was
independently predicted by CRP. The results of this research
may prove useful to the algorithms used in the diagnosis of a
UTI; however, further studies are needed to more completely
evaluate the relationship between the IG count and other in-
flammatory parameters used in the diagnosis of a UTI.
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