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Introduction 

Urinary tract infection (UTI) is a common bacterial disease in 

childhood. If appropriate diagnosis and treatment are not per-

formed early, chronic renal failure or high blood pressure may 

occur due to renal scars [1,2]. In particular, in infants, about 30% 

to 50% of children with UTIs are known to have urinary tract 

abnormalities [3], and vesicoureteral reflux (VUR) is common. 

VUR is diagnosed in about 25% to 50% of children with febrile 

UTI and is well known to cause recurrent UTI and renal scar 
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Purpose: Delta neutrophil index (DNI) indicates immature granulocytes in peripheral blood and has been confirmed to be ef-
fective as a prognostic factor for neonatal sepsis. Also, it has been reported to have diagnostic value in acute pyelonephritis and 
in predicting vesicoureteral reflux (VUR) in the infant. We conducted the study to verify whether DNI is also helpful in the entire 
pediatric age group with febrile urinary tract infection (UTI). 
Methods: Medical records of children hospitalized for febrile UTIs were analyzed retrospectively. All subjects underwent kidney 
ultrasound and voiding cystourethrography. In the group with and without VUR, we compared sex and age, and the following 
laboratory values: the white blood cell count, neutrophil, polymorphonuclear leucocyte, eosinophil, hemoglobin, platelet count, 
C-reactive protein, DNI value, and the finding of ultrasound. 
Results: A total of 315 patients (163 males and 152 females; range, 0–127 months) were eligible, and 41 patients (13%) had VUR. As 
a result of univariate analysis, the white blood cell count, neutrophil, DNI, and ultrasonic abnormalities were high in the reflux 
group, and the hemoglobin and lymphocyte fraction values were low. The value of DNI and the abnormal ultrasound were sig-
nificantly higher in the reflux group on the multivariate analysis. The area under the curve value of the receiver operating curve 
was higher in DNI (0.640; 95% confidence interval, 0.536–0.744; P=0.004), and the DNI cutoff value for VUR prediction was 1.85%. 
Conclusions: We identified that ultrasound findings and DNI values were helpful predictors of VUR in pediatric febrile UTIs. 
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[4]. It can be diagnosed through voiding cystourethrography 

(VCUG), but discussions on the indication of the test have con-

tinued because it has a disadvantage in radiation exposure and 

invasiveness. Previously, VCUG was recommended in children 

between the ages of 2 months and 2 years with febrile UTI [5], 

but the revised the American Academy of Pediatrics (AAP) 

guidelines in 2011 stated that VCUG should not be performed 

routinely after the first febrile UTI but performed in specific cir-

cumstances [6]. 

Therefore, young age, high C-reactive protein (CRP) concen-
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tration, family history of urinary tract diseases, and neurosur-

gical abnormalities have been suggested as risk factors for VUR 

to predict VCUG implementation [7,8], but the association is not 

clearly established. 

Meanwhile, immature granulocytes appear in peripheral 

blood in the process of promoting granulocyte production in 

the bone marrow during infection or systemic inflammatory 

reactions, and recently, these immature granules have been 

steadily suggested as predictors of infection or sepsis [9-11]. 

However, it was difficult to apply clinical trials because manual 

calculation is required to identify immature granules, and ac-

curacy depends on the examiner. Delta neutrophil index (DNI) 

was recently proposed as a new indicator to reflect the circulat-

ing fraction of immature granules [9]. DNI is an index calculat-

ed in leukocyte identification in ADVIA 2120 (Siemens Health-

ineers, Erlangen Germany), one of the types of automatic blood 

cell analyzer [12], which has the advantage of obtaining results 

quickly because it is automatically calculated during complete 

blood cell count. Because DNI reflects the number of immature 

granulocytes, it has been reported to help determine the sever-

ity of patients suspected of sepsis or systemic inflammation 

[9,13,14], and recent studies have also reported diagnostic value 

in young infants with febrile UTI [15]. Lee et al. [15] identified 

that DNI showed a moderate specificity and low sensitivity for 

predicting the presence of VUR, especially in younger infants. 

So, the authors conducted this study to confirm the clinical use-

fulness of DNI as a predictor of VUR in the entire pediatric age 

group with febrile UTI. 

Methods 

From December 2002 to April 2007, the medical records of 

children hospitalized for febrile UTI at Konyang University Hos-

pital in Daejeon were analyzed retrospectively. Because VCUG 

was selectively implemented since 2011 after the changed AAP 

guideline, we selected patients with febrile UTI who were treat-

ed before 2011 who underwent both kidney ultrasound (USG) 

and VCUG to reduce selection bias. 

Among them, 315 people (163 males and 152 females) who un-

derwent both kidney USG and VCUG were included as the study 

subjects. Total white blood cell count, polymorphonuclear leu-

cocyte, total neutrophil count, CRP, hemoglobin, platelet count, 

DNI value, and abnormalities of USG were compared in both 

groups with or without VUR. Those who did not perform either 

test or had congenital deformities such as single kidney, bladder 

diverticulum, or polycystic kidney disease were excluded. 

We used the blood test results performed on the hospital-

ization date, and the total blood cell calculation value and DNI 

were automatically calculated by the automatic blood cell ana-

lyzer (ADVIA 2120; Siemens Healthineers). The DNI values cal-

culated through the ADVIA 2120 automated blood cell analyzer 

are as follows: DNI=(the leukocyte subfraction assayed in the 

myeloperoxidase channel by cytochemical reaction)–(the leu-

kocyte subfraction counted in the nuclear lobularity channel by 

the reflected light beam). 

USG-positive was defined as cases whose renal USG per-

formed by radiologist confirmed one-sided or both-sided pelvi-

ectasia or hydronephrosis, and VUR was defined as cases reflux 

from VCUG was confirmed. 

SPSS version 25.0 (IBM Corp., Armonk, NY, USA) and R pack-

age 4.1.3 (R Foundation for Statistical Computing, Vienna, 

Austria) were used for statistical analysis. Through univariate 

and multivariate analysis and area under the curve value of the 

receiver operating characteristic (ROC) curve, we compared the 

effectiveness of the variables and obtained the cutoff value of 

DNI. The case of P<0.05 was judged to be statistically significant. 

Results 

Baseline characteristics 

Of the 315 patients, 163 (51.7%) were boys and 152 (48.3%) were 

girls, and the average age was 14.0±22.9 months (median, 4.7 

months; range, 0–127 months). There were 209 (66.3%) under 

the age of 1 year, 81 (25.7%) from 1 to 5 years of age, and 25 (7.9%) 

over 5 years of age, respectively (Fig. 1). There were 65 patients 

(20.6%) with USG-positive, and 41 patients (13.0%) diagnosed 

VUR on one or both sides by VCUG (Table 1). 

Comparison of VUR positive and negative group 

The mean age of reflux group was 14.2±20.1 months, which was 

not different from the group without VUR (14.0±23.3 months). 

Girls (n=24, 58.5%) were more common in the VUR group, and 

boys (n=146, 53.3%) were more common in the group with-

out VUR, but there was no statistically significant difference 

between the two groups. Blood tests showed no difference in 

eosinophil fraction (P=0.293), polymorphonuclear cell frac-

tion (P=0.233), and platelet count (P=0.380), but the total white 

blood cell count (18.0±6.5 ×103/μL vs. 15.3±6.7 ×103/μL, P=0.013), 

neutrophil fraction (57.1%±19.3% vs. 50.7%±18.5%, P=0.039), and 

CRP (2.6±1.6 mg/dL vs. 4.0±2.0 mg/dL, P=0.003)  showed higher 
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values in the VUR group (Table 1).

The rate of abnormal findings on USG was 36.6% (15/41) in 

the reflux group and 18.2% (50/274) in the group without VUR 

(P=0.007). Even in the group with VUR, as many as 65.3% (32/49) 

patients showed normal findings on renal USG. In our study, 

the detection sensitivity of renal USG for VUR was only 34.5%. It 

is because VUR grades 1 and 2 do not have hydronephrosis, and 

grade 3 may not have hydronephrosis, depending on the status 

of the bladder. The DNI value was also statistically significantly 

higher in the reflux group (3.4%±10.0% vs. –0.2%±5.6%, P=0.031) 

(Table 1). 

Possible predictive factors for VUR 

As a result of multivariate logistic regression analysis, the vari-

ables that differed significantly between the group with and 

without VUR were CRP, kidney USG, and DNI. It means that 

these indices can be used to predict the existence of VUR. The 

odds ratio (OR) of USG-positive, CRP, and DNI were 2.744 (95% 

confidence interval [CI], 1.249–6.026; P=0.012), 1.383 (95% CI, 

1.193–1.604; P<0.001) and 1.079 (95% CI, 1.016–1.147; P=0.014), re-

spectively (Table 2). 

We used ROC analysis to compare the predictive capabilities 

of these indices. The area under the curve value of the ROC 

curve of the USG-positive was 0.408 (95% CI, 0.309–0.507; 

P=0.058), CRP was 0.631 (95% CI, 0.540–0.721; P=0.005), and that 

of DNI was 0.640 (95% CI, 0.536–0.744; P=0.004), the highest at 

DNI (Table 3, Fig. 2). 

The cutoff value of DNI for the prediction of VUR 

The cutoff value of the DNI for VUR prediction was statistically 

significant when set to 1.85 (P<0.05). The sensitivity was 68.2%, 

and the specificity was 66.7%. The positive predictive value was 

23.5%, and the negative predictive value was 93.4%. 

Discussion 

UTI in children can lead to renal scars, chronic renal failure, 

and high blood pressure due to damage to the renal parenchy-

ma if diagnosed early and not appropriately treated. VUR is 

diagnosed in about 25% to 50% of children with UTI, which can 

cause recurrence risk and renal scar [4], so continuous prophy-

lactic antibiotic use or surgical correction through early detec-Fig. 1. Age distribution of children with febrile urinary tract infection.

Table 1. Baseline characteristics of children in VUR positive or negative groups

Characteristics VUR positive (n=41) VUR negative (n=274) Total (n=315) P-value
Age (mo) 14.2±20.1 14.0±23.3 14.0±22.9 0.953
Sex
  Male 17 (41.5) 146 (53.3) 163 (51.7) 0.158
  Female 24 (58.5) 128 (46.7) 152 (48.3) -
WBC (×103/μL) 18.0±6.5 15.3±6.7 15.6±6.7 0.013
Segmented neutrophil (%) 57.1±19.3 50.7±18.5 51.5±18.7 0.039
Lymphocyte (%) 30.6±19.2 37.0±16.3 36.2±16.8 0.023
Eosinophil (%) 1.4±1.7 1.9±2.9 1.8±2.8 0.293
PMN (%) 56.2±17.4 53.0±15.6 53.5±15.9 0.233
Absolute neutrophil count (/UL) 11,334±6,523 8,383±5,533 8,767±5,747 0.002
CRP (mg/dL) 2.6±1.6 4.0±2.0 2.8±1.9 0.003
Hemoglobin (g/dL) 10.8±1.1 11.2±1.4 11.2±1.4 0.039
Platelet count (×103/μL) 479.4±155.7 447.1±227.6 451.3±219.7 0.380
Hydronephrosis 15 (36.6) 50 (18.2) 65 (20.6) 0.007
DNI (%) 3.4±10.0 –0.2±5.6 0.3±6.4 0.031

Values are presented as mean±standard deviation or number (%).
VUR, vesicoureteral reflux; WBC, white blood cell; PMN, polymorphonuclear leukocytes; CRP, C-reactive protein; DNI, delta neutrophil index.
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tion of VUR has been considered necessary in all children with 

UTI.  

AAP recommended VCUG in all first febrile UTIs in guidelines 

of 1999 [5], but follow-up studies showed that the use of contin-

uous prophylactic antibiotics or surgical correction did not re-

duce renal scars [16-19] in children with VUR. In addition, it was 

virtually impossible completely prevent renal scar in children 

with VUR [20-24] because most of the severe renal scars that 

cause hypertension and chronic renal failure, occurred prior 

to infection from the fetal period. Therefore, questions have 

been raised about the role of VCUG implemented after the first 

febrile UTI, and the changed guidelines recommend selective 

implementation. The 2007 British guidelines recommended 

VCUG only in atypical UTIs that did not respond well to treat-

ment or recurrent UTIs in infants less than 6 months [25]. They 

suggested that VCUG was not required in children with uncom-

plicated UTIs over 6 months of age. The 2011 revised guidelines 

of AAP recommended VCUG only for in children with abnor-

malities on USG, atypical clinical course, or children with recur-

rent UTI, and no longer for all children with first febrile UTI [6]. 

So, many researchers studies have been making efforts to 

find the predictor for VUR because of the invasiveness, and the 

risk of radiation exposure VCUG. Oostenbrink et al. [7] suggest-

ed male, younger age, family history of urinary tract diseases, 

high level of CRP, and abnormal findings of USG findings as 

independent factors of VUR. The authors aimed to identify the 

value of DNI in predicting the presence of VUR in children with 

febrile UTIs. Recently, Lee et al. [15] have identified the value of 

DNI with a comprehensive and more detailed study. In contrast, 

our study is a single institutional study and does not include di-

mercaptosuccinic acid (DMSA) scan. However, we verified that 

DNI was still worth predicting the presence of VUR even when 

the child with UTI is older than 12 months of age. 

Our study confirmed that DNI and ultrasonography were 

predictors of VUR, which showed similar results to previous 

studies by Lee et al. [15] Especially, the area under the curve val-

ue of DNI in the ROC curve was the highest, so it was found to be 

more useful as VUR predictor than the finding of USG-positive 

recommended by most guidelines. 

The cutoff value, which can predict VUR, was set at 1.85, 

which is low in usefulness as a screening test due to its sensi-

Table 2. Multivariable logistic regression analysis of clinical and laboratory parameters for prediction of vesicoureteral reflux

Variable β SE OR (95% CI) P-value
Sex (male) –1.054 0.407 0.348 (0.157–0.774) 0.010
White blood cells –0.042 0.089 0.958 (0.805–1.141) 0.634
% Segmented neutrophil –0.045 0.039 0.956 (0.887–1.031) 0.245
% Lymphocyte 0.025 0.042 0.975 (0.898–1.058) 0.547
Absolute neutrophil count 0.000 0.000 1.000 (1.000–1.000) 0.286
Hemoglobin –0.208 0.149 0.812 (0.606–1.088) 0.163
C-reactive protein 0.324 0.076 1.383 (1.193–1.604) <0.001
Hydronephrosis 1.009 0.401 2.744 (1.249–6.026) 0.012
Delta neutrophil index 0.076 0.031 1.079 (1.016–1.147) 0.014

SE, standard error; OR, odds ratio; CI, confidence interval.

Table 3. AUC values from ROC curve of factors for the prediction of 
vesicoureteral reflux

Variable AUC SE 95% CI P-value
Ultrasound-positive 0.408 0.051 0.309–0.507 0.058
C-reactive protein 0.631 0.046 0.540–0.721 0.005
Delta neutrophil index 0.640 0.053 0.536–0.744 0.004

AUC, area under the ROC curve; ROC, receiver operating characteristic; 
SE, standard error; CI, confidence interval.

Fig. 2. Receiver operating curve for predicting vesicoureteral reflux. 
CRP, C-reactive protein; DNI, delta neutrophil index.
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tivity at 68.2%. However, the negative predictive value is very 

high at 93.4%. It means the following facts; if the value of DNI is 

less than 1.85 in children with UTI, it is highly unlikely that VUR 

will be present. In this study, the DNI cutoff value was lower 

than that in other studies such as sepsis, which is thought to 

be because febrile UTI belongs to mild diseases compared to 

severe infectious diseases such as sepsis. The mean value of all 

patients in this study was 0.3 (±6.4). Previously, the value of DNI 

more than 6.5% was a significant indicator of sepsis or septic 

shock [26]. 

Contrary to most studies suggesting male sex as predictors 

of VUR, we found that boys had a lower risk of OR (0.348; 95% 

CI, 0.157–0.774), which seems unlikely to have a significant 

difference in sex between the group with and without VUR 

(P=0.158). Our study has a few practical limitations. Above all, 

the subjects of the study are patients from the past. That is the 

limitation of this research being conducted retrospectively. 

Since 2011, VCUG was undertaken selectively. If the subjects 

were selected as recent patients, the selection bias would be 

significant. Also, there may be bias in patients whose DNI val-

ues are not measured or who have not undergone kidney USG 

or VCUG. Because it is a single institutional study, the number 

of data is relatively small and did not include the duration of 

fever or family history, which has been considered important in 

previous studies. In addition, we have not been able to compare 

DNI index with other reliable tools for VUR prediction, such as 

DMSA scan and urinary neutrophil gelatinase-associated lipo-

calin (NGAL). Traditionally, DMSA scan can find the possibility 

of a VUR very sensitively by finding a renal scar. However, there 

is a risk of radiation, and sedation for children of younger age. 

Recently, NGAL has been reported as a rapid and noninvasive 

method in the diagnosis of VUR [27]. Urinary NGAL-creatinine 

ratio is higher in children with VUR and may be used as a rapid 

and noninvasive method in diagnosing VUR. It is a sensitive 

and specific biomarker, but it still needs additional laboratory 

testing, and it is not covered by national health insurance. 

Our study confirmed the usefulness of DNI as a predictor of 

VUR and also found that it was a better index than USG-pos-

itive, which was previously used as the best screening tool for 

VUR. We suggest that if the DNI value is lower than the cutoff, 

VCUG can be withheld because the negative predictive value of 

DNI is very high in children with febrile UTI. However, as previ-

ously described, since this study was conducted retrospectively 

in a single institution, additional large-scale prospective stud-

ies would be needed. 
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