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- Original Article

Serum Interleukin-6 and Interleukin-8 are Sensitive Markers for Early
Detection of Pyelonephritis and Its Prevention to Progression to Chronic

Kidney Disease

Abstract

Background: Pyelonephritis is the most common bacterial infection in children that can cause renal
failure if not diagnosed or treated early. We used serum biomarker interleukins (IL-6 and IL-8) and
then confirmed the results by the findings dimercaptosuccinic acid (DMSA) scan to distinguish
upper-tract infection from lower-tract infection. Methods: Serum IL-6 and IL-8 were measured in
57 children with newly diagnosed untreated urinary tract infection (UTI) documented by a positive
urine culture. All children had a DMSA to determine whether serum IL6, IL-8 can be used as a
marker to predict upper-tract from lower-tract infection. IL-6 and IL8 were determined by the
enzyme link immunosorbent assay (ELISA) technique. Results: Of the 57 patients, 24 (42%) had
renal parenchymal lesions on the DMSA scan. Patients with abnormal DMSA had significantly
higher serum IL-6 and IL-8 compared with those with normal DMSA scan (187.1 + 113.1 ng/mL
vs. 396.1 + 246.0 ng/mL, P = 0.005; and 165 + 76.1 ng/mLvs. 190.8 = 60.8 ng/mL, P = 0.026,
respectively). Pyelonephritis was more frequent in children younger than 20 months old (n = 36,
63%, P < 0.005) and more prevalent in girls (n = 36, 63%, P = 0.005). Serum IL-6 had a sensitivity
of 67.3% and a specificity of 63.0% and serum IL8 had a sensitivity of 80.1% and a specificity of
73.5% in the differential diagnosis of pyelonephritis and cystitis (P = 0.03). Conclusions: Serum
levels of IL-6 and IL-8 are both sensitive biomarkers of UTI and can discriminate the upper from
lower tract urinary infections. Determination of these biomarkers may help to identify patients with
acute pyelonephritis and need for DMSA study.
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Introduction Although 99 m Tc dimercaptosuccinic
acid (DMSA) scintigraphy of the kidney
is the gold standard in the diagnosis of
acute pyelonephritis in children, its routine
clinical use has several limitations.l”) The
DSMA scan may not be readily available in
all medical facilities; it involves exposure

to radiation and is costly.

Urinary tract infection (UTI) is the most
common bacterial infection in children and
adolescents."?! It is also one of the most
common causes of hospitalizations among
infants and toddlers. The clinical symptoms
of the lower and upper UTI in young children
are often uncharacteristic or nonspecific.?!

Further, accurate diagnosis and differentiation ~ In  recent years, number of novel
between lower and upper UTI is a major  biomarkers of UTI such as C-reactive
clinical challenge in clinical practice due to  protein,” secretory immunoglobulin

A (IgA),®! heparin-bonding protein,”? o-1
microglobulin (ol Mg),l'” interleukins,
N-acetyl-beta-D-glucosaminidase (NAG)!!
and procalcitonin'>!*! have been identified
to help to distinguish between upper-tract
infection (pyelonephritis) and lower-tract
infection (cystitis). Of these biomarkers,
serum and urine interleukin 6 (IL-6)
and interleukin 8 (IL-8) are shown to be
more specific and sensitive markers of
inflammation and early detection of acute
pyelonephritis.['*!7

the high prevalence of UTI recurrence and
long-term complications in children.!

Currently, the diagnosis of UTI is based
on the presence of clinical symptoms in
combination with the results of nitrite strip
test indicating the presence of bacteria in
the urine, presence of white blood cells
in urine, and positive urine culture.!'?
Urine culture is the gold standard in UTI
diagnosis, but it is time consuming.”
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The present study aimed to investigate the diagnostic
significance of IL-6 and IL-8; the two promising UTI
biomarkers to distinguish upper from lower tract urinary
infections among children presenting with the first episode
of UTL

Methods

This prospective cross-sectional study was carried
out to evaluate and compare serum IL-6 and IL-8
levels with the DMSA scan findings to differentiate
upper-tract infection (pyelonephritis) from lower-tract
infection (cystitis) in 57 children (ages between
12 months and 4 years) with the first episode of acute
UTI in Amiralmomenin Hospital of Semnan University
Medical Center, Semnan, Iran. Children with a known
history of UTI, kidney disease, hypertension, or chronic
infections were excluded from the study.

Urinalysis and urine culture were obtained in all children
at the study onset. Children with positive urine cultures
were enrolled in the study and all had kidney ultrasound
and DMSA imaging studies. Blood for IL-6 and IL-8
determinations was obtained from each patient at the
time of admission to the hospital. The blood samples
were centrifuged and the serum was stored at —70°C
until the time of analysis. IL-6 and IL-8 were measured
using immunoassay enzyme link immunosorbent
assay (ELISA) (Amazon Human IL-6 and IL-8 ELISA Kit).

Statistical analyses were performed using SPSS 16
software (SPPS, Inc, Chicago, Illinois). The normally
distributed data were expressed as mean =+ standard deviation.
The differences of the variable were analyzed using Student’s
t-test. The Chi-square test was used for comparing serum
IL-6 and IL-8 levels with DMSA scans. P value less than
0.05 was considered statistically significant. The number of
participants needed for this study with a 95% confidence
interval was 52 patients as validated by Altman DG, et al.l'™

The study was conducted in accordance with the
Deceleration of Helsinki. Written parental informed
consent was obtained for all participants prior to the study
enrollment. The local health research ethic board before the
commencement of the study approved the study Protocol.

Results

This prospective study was conducted between January
2017 and December 2018. The study population included

21 boys (38%) and 36 girls (62%) between 1 and 4 years
old. Of these, 10 (27.2%) were less than 20 months. Of the
57 patients, 24 (42%) had pyelonephritis as documented by
parenchymal lesions on the DMSA scans. The remaining
33 (58%) patients had normal findings on DMSA
confirming lower UTI diagnosis [Table 1].

Patients with abnormal DMSA scan presented with
febrile illness and all had significantly higher serum
IL-6 and IL-8 compared with those with normal
DMSA (187.1 £ 113.1 ng//mL vs. 396.1 + 246.0 ng/mL,
P =0.005; and 165 + 76.1 ng/mL vs. 190.8 + 60.8 ng/mL,
P < 0.026, respectively) [Table 1]. Serum levels of IL-6
and IL-8 did not differ significantly between the upper and
lower urinary tract infections (p = 0.07). The cutoff levels
for serum IL-6 and IL-8 to discriminate upper from lower
UTI were 30 and 117 ng/mL, respectively.

Pyelonephritis was more frequent in children younger
than 20 months old (n = 36, 63%, P < 0.005) and more
prevalent in girls (n = 36, 63%, P = 0.005). Serum IL8 had
a sensitivity of 80.1% and a specificity of 73.5% and serum
IL-6 had a sensitivity of 67.3% and a specificity of 63.0%
in the differential diagnosis of pyelonephritis and cystitis
(p = 0.03) [Figure 1].

Discussion

This study reports on the diagnosis and localization of
the site of UTI in children using IL-6 and IL-8 as UTI
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Figure 1: Comparison of serum interleukin-6 and interleukin-8 sensitivity
and specificity to discriminating upper from lower urinary tract infection

Table 1: Clinical and laboratory characteristics of children with UTI

Patients n=57 Pyelonephritis n (%) Lower UTI n (%) Sensitivity % Specificity % P
<20 months, n=36 10 (27.8%) 26 (72.2%) - - 0.01
>20 months, n=21 14 (66.7%) 7 (33.3%) - -

Serum IL-6 (ng/mL) 187.1+113.1 165+76.1 67.3 63.0 0.04
Serum IL-8 (ng/mL) 396.1+246.0 190.8+60.8 80.1 73.5 0.02
Parenchymal lesions on DMSA scan 24 (42%) -

UTI=Urinary tract infection; IL-6=Interleukin-6; IL-8, Interleukin-8; DMSA= Dlmercaptosuccmlc acid
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biomarkers. Data suggest that serum levels of IL-8 and
IL-6 have diagnostic value to differentiate between acute
pyelonephritis and lower UTI in children less than 12 years
old with the newly diagnosed untreated UTI.

The decision to choose IL-8 and IL-6 in this study was
based on their specific bioactivity characteristics in
response to inflammation of both white blood cells and the
epithelial cells of the urinary tract.!'*17

In the present study, serum IL-6 and IL-8 concentrations
greater than 30 and 117 ng/mL were highly indicative of
acute pyelonephritis, respectively. Based on the present
study, serum IL-8 and IL-6 reached sensitivity 80% and
67% and specificity of 73% and 63%, for the diagnosis of
pyelonephritis, respectively. Further, our study showed a
positive correlation between renal parenchyma lesions and
serum concentrations of IL-8 and IL-6.

The findings in the present are similar to the study
reported by Sheu et al.' These authors found that the
concentrations of both IL-8 and IL-6 were significantly
higher in patient with pyelonephritis in comparison with
the patients with lower UTI. They also compared the
serum concentrations of both interleukins in patients with
pyelonephritis that was confirmed by DMSA scan. In their
study, serum IL-6 had a higher sensitivity and specificity
for the diagnosis of pyelonephritis in comparison with
serum IL-8.1'1 Gurgoze, et al. also found serum IL-6
concentration was significantly higher in pyelonephritis
than in lower UTL['

In contrast to these studies, yet similar to our study, Otto
et al. found serum concentration of IL-8 was significantly
higher in patients with pyelonephritis than in the patients
with lower tract infections.!!”)

The discrepancy between the findings reported in our study
and in the study reported by Sheu, ef al. and Gurgoze, et al.
regarding the diagnostic value of interleukins in separating
lower from upper UTIs can be explained with a number
of reasons. Perhaps one of the most important reasons for
the discrepant findings is the diversity in the design of the
studies, which include patient ethnicity, age of patient,
history of previous, UTI, inflammatory syndromes, onset
of UTI, and use of antimicrobial agents. The present study
included children less than 12 years old with the newly
diagnosed untreated UTI.

Conclusions

The present study suggests that IL-6 and IL-8 both
are sensitive biomarkers of UTI that can differentiate
acute pyelonephritis from lower urinary tract infections
in children with the newly diagnosed untreated UTI.
Measuring serum IL-6 and IL-8 may be a useful test for
the diagnosis and localization of the site of UTI particularly
in high-risk infants in whom pyelonephritis is the leading
cause of infection.
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