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Abstract: C-reactive protein (CRP) is usually used to assess the degree of disease and the therapeutic effect by mea-
suring serum CRP level. Many studies also performed the differential diagnosis of urinary tract infection (UTI) and 
acute pyelonephritis (APN) through CRP level, but the results were different. Our objective was to assess whether 
serum CRP level can be used to discriminate between UTI and APN using a diagnostic meta-analysis. MeSH terms 
and free terms were used at the same time and searched in the Web of science, PubMed, EmBase and OVID 
databases according to presupposed inclusion and exclusion criteria. Research information were extracted and 
sensitivity, specificity, diagnostic score, diagnostic odds ratio (DOR) with the corresponding 95% confidence interval 
(CI) from each study were combined under a random effect model and area under the summary receiver operating 
curve (AUSROC) was also calculated. There were 21 studies included in this meta-analysis, and the pooled results 
suggested that sensitivity and specificity of the CRP level used for diagnosis of APN from UTI in children with fever 
were 0.826 (95% CI, 0.744 to 0.886) and 0.669 (95% CI, 0.582 to 0.747), corresponding AUROC and DOR were 
0.81 (95% CI, 0.77 to 0.84) and 9.605 (95% CI, 6.855 to 13.458), respectively. In conclusion, the results showed a 
moderate accuracy of CRP used for diagnosing APN from UTI though there was heterogeneity. So, more studies with 
a unified detection method and strict quality control measures are needed. 
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Introduction 

Urinary tract infection (UTI) is a common clini- 
cal and frequently-occurring disease. Patients 
often possess the characteristics of frequent 
urination, urgency, dysuria and other symp-
toms, severe case can occur systemic infection 
symptoms. Women, the elderly, and children 
are frequent people infected with UTI [1]. UTI 
can usually be divided into upper UTI and lower 
UTI. Upper UTI mainly refers to acute and chron-
ic pyelonephritis and ureteritis. Lower UTI 
includes cystitis and urethritis. UTI is a com-
mon acute disease in infants and children, 
which can be limited to the lower urinary tract, 
or can be involved in the kidneys and lead to 
persistent kidney damage and scarring, espe-
cially in patients with the vesicoureteral reflux 
(VUR) and other urinary system development 
deformity [2]. 

Acute pyelonephritis (APN) is a common child-
hood serious bacterial infectious disease, also 

known as upper UTI, the incidence is higher in 
infants under 3 years of age [3]. If not treated 
promptly, APN often leads to persistent kidney 
damage and scarring, and then causes hyper-
tension and chronic renal failure [4]. However, it 
is not easy to distinguish APN from lower UTI 
from common clinical symptoms and laboratory 
indicators. Clinical treatment and the prognosis 
of APN and bladder, urethral inflammation exist 
different degrees of difference. UTI early detec-
tion and accurate identification can help to 
reduce renal damage and scar formation, short-
en the course of disease, and improve the prog-
nosis [5]. However, clinical manifestations of 
children (especially infants under 3 years old) 
often are atypical, the diagnosis and differen-
tial diagnosis of APN and lower UTI mainly 
depend on vesicoureteral imaging and 99mTc-
DMSA (dimercaptosuccinic acid). The former 
one in the clinical application still exists a lot of 
controversy [6], the latter one with special 
equipment and professional operation tech-
niques is not suitable for clinical wide develop-
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Table 1. Characteristics of studies include in this meta-analysis and patient’s baseline demographics

Study (publish years) Country Delivery time UTI Years old No. of 
UTI Gold standard

A DMSA renal scintig-
raphy was performed 
following admission 

Cut off 
value

Abolfazl Mahyar (2013) Iran 2012 First episode of febrile UTI < 12 y 79 Tc-99m dimercaptosuccinic acid renal scan 7 days 4, 10, 20 
mg/dl

Alberto Biggi (2001) Italy - First episode of febrile UTI < 13.5 y 101 Tc-99m dimercaptosuccinic acid renal scan No later than 15 days 88 mg/dl

Andrew Fretzayas (2000) Greece - First episode of febrile UTI < 14 y 83 Tc-99m dimercaptosuccinic acid renal scan 3 days 20 mg/dl

Banuelos-Andrío, L (2017) Spain 2009.1-2011.12 First episode of febrile UTI < 16 y 101 Tc-99m dimercaptosuccinic acid renal scan 3 days 39.4 mg/dl

Byung Kwan Kim (2017) Korea 2014.10-2015.9 First episode of febrile UTI < 13 y 138 Tc-99m dimercaptosuccinic acid renal scan 3 days 2.78 mg/dl

Eduardo H. Garin (2007) Chile and 
the USA 

1999-2004 First episode of febrile UTI 3 month to 
2 years

185 Tc-99m dimercaptosuccinic acid renal scan Between 48 h and 5 days > 0.5 μg/ml

Hai-Lun Sun (2014) China - First episode of febrile UTI < 2 y 272 Tc-99m dimercaptosuccinic acid renal scan 96 hours 6.2 mg/dl

I Re Lee (2015) Korea 2012.1-2013.12 First episode of febrile UTI < 2 y 118 Tc-99m dimercaptosuccinic acid renal scan 5 days -

Jen-Hsi Wu (2012) China 2001.1-2009.12 First episode of febrile UTI < 4 months 116 Tc-99m dimercaptosuccinic acid renal scan As soon as possible 5,10 mg/dl

Ji Hyun Sim (2015) Korea 2013.10-2014.9 First episode of febrile UTI < 5 y 123 Tc-99m dimercaptosuccinic acid renal scan - 3.68 mg/dl’

Ji-Nan Sheu (2003) China 2009-2011 First episode of febrile UTI < 2 y 112 Tc-99m dimercaptosuccinic acid renal scan 3 days 2, 3.5, 6, 
10 mg/dl

Ji-Nan Sheu (2006) China 2004-2006 First episode of febrile UTI < 10 y 78 Tc-99m dimercaptosuccinic acid renal scan 7 day 2.5 mg/dl

Jung Won Lee (2013) Korea 2010.1-2014.12 First episode of febrile UTI < 12 
months old

288 Tc-99m dimercaptosuccinic acid renal scan 5 days -

Kianoush Ansari Gilani (2010) Iran 2006-2007 First episode of febrile UTI < 10 y 119 Tc-99m dimercaptosuccinic acid renal scan 7 day 30 mg/dl

Paolo Pecile (2005) Italy 2000.1-2002.1 First episode of febrile UTI < 13 
months old

100 Tc-99m dimercaptosuccinic acid renal scan 3 days 20, 50 
mg/dl

Parviz AyAzi (2013) Iran 2005-2006 First episode of febrile UTI < 12 
months old

127 Tc-99m dimercaptosuccinic acid renal scan - 10 mg/dl

Sandrine Leroy (2013) United 
Kingdom

1993.1-2011.9 First episode of febrile UTI < 32.3 
months old

1101 Tc-99m dimercaptosuccinic acid renal scan 7 days 20 mg/dl

Song Yi Han (2016) Korea 2010.1-2014.12 First episode of febrile UTI < 3 y 298 Tc-99m dimercaptosuccinic acid renal scan 5 days -

Su Jin Jung (2016) Korea 2010.1-2012.12 First episode of febrile UTI < 1 y 150 Tc-99m dimercaptosuccinic acid renal scan As soon as possible 1,3,8 mg/dl

Won Hee Seo (2014) Korea 2011.4-2012.3 First episode of febrile UTI 1-12 
months

47 Tc-99m dimercaptosuccinic acid renal scan - 5.1 mg/dl

Yuan-Yow Chiou (2010) China 2005.1-2006.12 First episode of febrile UTI < 180 
months old

125 Tc-99m dimercaptosuccinic acid renal scan 7 days 39.4 mg/dl

UTI, urinary tract infection; DMSA, dimercaptosuccinic acid.
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ment because of the radiation risk for children 
and high cost [5]. 

C-reactive protein (CRP) is one of the acute 
phase-responsive proteins, mainly produced by 
the liver [7]. CRP participates in a variety of 
physiological and pathophysiological process-
es. CRP can not only participate in the body’s 
defense function, but also can limit the poten-
tial damage caused by the inflammatory res- 
ponse after the complement activation [8]. In 
addition, CRP has a similar conditioning and 
agglutination effect with IgG and complement, 
enhancing macrophage phagocytosis of vari-
ous bacteria and foreign bodies [9, 10], thereby 
reducing the abnormalities due to foreign anti-
gens immune response [11]. CRP also plays an 
anti-inflammatory role [7]. Serum CRP level is a 
sensitive and objective indicator of bacterial 
infection. When bacterial infection happens, 
serum CRP level can be significantly increased, 
with positive rate of over 90%. CRP level also 
has a certain relationship with the extent and 
the severity of infection, with concentration of 
10-99 mg/L suggesting focal or superficial 
infection and 100 mg/L prompting sepsis or 
invasive infection and other serious cases [12]. 
The half-life of serum CRP is approximately 19 
h, and serum CRP level is dependent on the 
rate of liver synthesis, whereas serum CRP 
level doesn’t affect removal speed of CRP [13]. 
Thus, disease state and curative effect can be 
evaluated by monitoring CRP level [14].

At present, a large number of domestic and for-
eign scholars discuss the predictive value of 
bacterial infection marker CRP for APN, bladder 
ureter reflux and other UTIs in children and 
adults, but the results are still controversial. 
This study was performed to analyze the stud-
ies of CRP level in children with UTI developed 
into APN using diagnostic meta-analysis meth-
od. Then it was evaluated if APN developed 
from UTI in children with fever could be predict-
ed from CRP level, which could play a guiding 
role for the clinical treatment of upper and 
lower UTI and acute pyelonephritis.

Materials and methods 

Document retrieval

In order to ensure the recall ratio, increasing 
the sensitivity and reducing the miss rate, 
MeSH terms and free terms were used at the 
same time for the search strategy. (urinary tract 

infection OR urinary tract infections OR UTI) 
AND (C-reactive protein OR CRP) AND (Child OR 
infant OR children OR infants) AND (febrile OR 
fever OR temperature OR pyrexia) AND (acute 
pyelonephritis or APN) were searched in the 
web of science, PubMed, EmBase and OVID 
databases. And secondary retrieval was also 
performed through reviewing references from 
retrieved articles to prevent the miss detection. 
The deadline of search time was April 12, 2017.

Document screening

These retrieved articles were gradually screen- 
ed from title, abstract and full text according to 
the pre-set inclusion/exclusion criteria. Inclu- 
sion criteria: 1) Articles about prediction of  
UTI in children with fever developed into APN 
through CRP level; 2) Articles with exact sensi-
tivity and specificity according to the cut-off 
value, or the best sensitivity and specificity can 
be obtained from ROC curve; 3) UTI is clearly 
defined as first episode of febrile UTI; 4) The 
Tc-99m dimercaptosuccinic acid renal scan 
method was used as the gold standard for APN 
diagnosis; 5) Detection of CRP was performed 
before UTI treatment; 6) The most recently pub-
lished or most detailed literature was selected 
among repeated articles. Exclusion criteria: 1) 
Review, case report, handbook, letter; 2) Cell, 
animal or simulation experiments; and 3) Data 
cannot be harvested. This work was indepen-
dently executed by two researchers at the same 
time, and consensus was gained from inconsis-
tent views after discussion with the third author.

Data extraction

Data extraction was also conducted by two 
researchers independently, and when the opin-
ion was inconsistent, the third researcher was 
asked to discuss the solution. The extracted 
data included information such as research 
information, clinical case information, labora-
tory information, and diagnostic analysis infor-
mation (as shown in Table 1), and true positive 
(TP), true negative (TN), false positive (FP), fal- 
se negative (FN) for each cut-off value. Acute 
pyelonephritic lesions were diagnosed when 
scintiscan revealed focal (single or multiple) or 
diffuse areas of diminished 99mTc-DMSA up- 
take with an intact or slightly bulging contour 
according to criteria. Optimum cut off value 
was obtained from the best cut off value in the 
text or the given ROC curve. For the latter one, 
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the corresponding sensitivity and specificity of 
point in the ROC curve were outputted using 
Engauge Digitizer 4.1, then those sensitivity 
and specificity were used to calculate the 
Youden index, and the sensitivity and specifici-
ty according to the maximum value of Youden 
index was the one corresponding to the best 
cut off value. Youden index = sensitivity - (1- 
specificity). 

Diagnostic threshold effects and heterogeneity

Firstly, diagnostic threshold effect was detect-
ed in this meta-analysis for checking the het-
erogeneity from different cut-off values in those 
included studies [15]. And this detection of 
diagnostic threshold effects was performed 
through Spearman correlation analysis using 
Meta-Disc software. Tests for heterogeneity fr- 
om other sources except for diagnostic thresh-
old effect were performed using Cochrane-Q 
test. When I2 > 50%, heterogeneity was existed 
and P value < 0.05 indicated statistical signifi-
cance [15].

Diagnostic accuracy assessment

Data of sensitivity, specificity, diagnostic score, 
and diagnostic odds ratio (DOR) with the corre-
sponding 95% confidence interval (CI) from 

ear regression of the diagnostic log odds ratio 
(ie, lnDOR) against the square root of effective 
sample size (1/root (ESS)) [19]. The criteria of 
the publication bias or significant asymmetric 
funnel map was that the P value for slope coef-
ficient was less than 0.05.

Statistical analysis

All statistical analysis were undertaken by 
STATA software version 12.0 (College Station, 
TX, USA) and Meta-Disc V.1.4 (Unit of Clinical 
Biostatistics, Ramon y Cajal Hospital, Madrid, 
Spain). The following guidelines have been  
suggested for interpretation of intermediate 
AUROC values: low (0.5 ≤ AUC ≤ 0.7), moderate 
(0.7 ≤ AUC ≤ 0.9), or high (0.9 ≤ AUC ≤ 1) accu-
racy [20]. The value of a DOR ranged from 0 to 
infinity, with higher values indicating better dis-
criminatory test performance. A value of 1 
meant that a test did not discriminate between 
patients with the disorder and those without. 
Values lower than 1 pointed to improper test 
interpretation (more negative tests among the 
diseased). The diagnostic odds ratio (DOR) may 
be used as a single summary measure with  
the caveat that the same odds ratio may be 
obtained with different combinations of sensi-
tivity and specificity. The LRs indicate by how 
much a given test would raise or lower the prob-

Figure 1. Flow chart of stud-
ies included in this meta-
analysis.

each study were combined 
under a random effect mo- 
del, and area under the 
summary receiver operat-
ing curve (AUSROC) was al- 
so calculated. Positive like-
lihood ratio (PLR), negative 
likelihood ratio (NLR), and 
pre-test probability, post-
test probability were deter-
mined and performed using 
forest plot and Fagan’s 
nomogram [16, 17]. Further- 
more, distribution of sensi-
tivity and specificity was 
also evaluated using bivari-
ate box plot [18].

Publication bias

To identify the publication 
bias, Deeks’ funnel plot 
asymmetry analysis was 
carried out. In short, the 
Deeks’ funnel plot was a 
scatter plot obtained by lin-
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ability of having disease. In order for the high 
diagnostic informativeness, an LR of > 10 or < 
0.1 would be required for a positive and nega-
tive test result, respectively. Moderate informa-
tional value can be achieved with LR values of 
5-10 and 0.1-0.2; LRs of 2-5 and 0.2-0.5 have 
very small informational value.

ratio (NLR) were 2.498 (95% CI: 2.048 to 3.047) 
and 0.26 (95% CI: 0.188 to 0.36), respectively. 
Furthermore, the result of Fagan’s nomogram 
analysis showed that post-test probability of 
PLR increased to 74% and post-test probability 
of NLR decreased to 23% compared to the 53% 
of pre-test probability, respectively (Figure 2D).

Table 2. Diagnostic accuracy under different cut off values in 
included studies

Author Year Cut off value 
(mg/dl) APN UTI Se Sp

Eduardo H. Garin 2007 0.5 91 94 100% 8%
Sandrine Leroy 2013 1 613 488 87% 41%
Su Jin Jung 2016 1 54 96 100% 27%
Ji-Nan Sheu 2011 2 76 36 100% 39%
Ji-Nan Sheu 2006 2.5 42 36 93% 81%
Byung Kwan Kim 2017 2.78 59 79 83% 81%
Su Jin Jung 2016 3 54 96 93% 59%
Ji-Nan Sheu 2011 3.5 76 36 91% 58%
Ji Hyun Sim 2015 3.86 53 70 87% 73%
Jen-Hsi Wu 2012 5 40 76 53% 79%
Won Hee Seo 2014 5.1 24 23 53% 78%
Abolfazl Mahyar 2013 6 33 46 97% 67%
Ji-Nan Sheu 2011 6 76 36 74% 81%
Hai-Lun Sun 2014 6.2 169 103 70% 82%
Su Jin Jung 2016 8 54 96 41% 92%
Abolfazl Mahyar 2013 10 33 46 97% 74%
Jen-Hsi Wu 2012 10 40 76 20% 93%
Ji-Nan Sheu 2011 10 76 36 47% 94%
Parviz AyAzi 2013 10 54 42 98% 7%
Sandrine Leroy 2013 10 613 488 74% 54%
Abolfazl Mahyar 2013 20 33 46 85% 83%
Andrew Fretzayas 2000 20 30 53 69% 57%
Paolo Pecile 2005 20 47 53 94% 32%
Sandrine Leroy 2013 20 613 488 63% 55%
Kianoush Ansari Gilani 2010 30 66 42 52% 77%
Yuan-Yow Chiou 2010 34.9 89 36 80% 67%
Banuelos-Andrío, L 2017 39.4 64 37 76% 89%
Paolo Pecile 2005 50 47 53 74% 77%
Alberto Biggi 2001 88 70 31 64% 68%
Abolfazl Mahyar 2013 - 33 46 91% 83%
I Re Lee 2015 - 62 56 71% 73%
Jung Won Lee 2013 - 155 133 68% 69%
Sandrine Leroy 2013 - 613 488 80% 54%
Song Yi Han 2016 - 163 135 66% 71%
Su Jin Jung 2016 - 54 96 87% 68%
APN, acute pyelonephritis; UTI, urinary tract infection; Se, sensitivity; Sp, speci-
ficity; -, no exact cut off value in included studies, and optimum sensitivity and 
specificity were calculated using Youden index.

Results 

Document retrieval

A total of 190 studies were pre-
liminary retrieved for the meta-
analysis. After screening through 
the subject and summary, 29 
English studies were selected. 
The final 21 studies were included 
after further screening by reading 
in full [21-41]. The retrieval pro-
cess was shown in Figure 1, the 
included studies and the baseline 
demographic characteristics of 
patients were shown in Table 1.

Diagnostic accuracy assessment

A total of 3861 first episode of 
febrile UTI patients and 35 cut-off 
values from 21 experiments were 
included in the system evaluation 
and meta-analysis. The sensitivity 
and specificity and associated cut 
off value were shown in Table 2. 
Spearman correlation coefficient 
was -0.804, and P value was 0.65, 
so there was no threshold effect 
and those results could be com-
bined. Sensitivity and specificity 
of the CRP level used for diagno-
sis of APN from UTI in children 
with fever were 0.826 (95% CI: 
0.744 to 0.886) and 0.669 (95% 
CI: 0.582 to 0.747), respectively 
(Figure 2A). And the AUROC was 
0.81 (95% CI: 0.77 to 0.84) (Figure 
2B), diagnostic score and DOR 
were 2.262 (95% CI: 1.925 to 2.6) 
and 9.605 (95% CI: 6.855 to 
13.458) (Figure 2C), respectively. 
Pre-test probability of the CRP 
level used for diagnosis of APN 
from UTI in children with fever  
was 53%, positive likelyhood ra- 
tio (PLR) and negative likelyhood 
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Figure 2. A. Forest plots of pooled sensi-
tivity and specificity of CRP level used for 
diagnosis of APN from UTI in children with 
fever. The pooled sensitivity and specifici-
ty for all the included studies. B. AUROC of 
CRP level for diagnosis of APN from UTI in 
children with fever. Every asterisk stands 
for a study and all included studies were 
shown here. SENS, sensitivity; SPEC, 
specificity; SROC, summary receiver op-
erating curve; AUC, area under the curve. 
C. Forest plots of pooled diagnostic score 
and DOR of CRP level used for diagnosis 
of APN from UTI in children with fever. The 
pooled diagnostic score and DOR for all 
the included studies. D. Fagan’s nomo-
gram analysis of pre-test probability and 
post-test probability for all included stud-
ies. LR, likelihood ratio; Post_Pro_Pos, 
post probability positive; Post_Pro_Neg, 
post probability negative.
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Bivariate box plot used to estimate outliers

In order to assess the distribution of sensitivity 
and specificity and determine the possible out-
liers of the diagnostic results, the bivariate box 
plot was used in this analysis. In all included 
studies, seven cut-off values were abnormal, 
including Eduardo H. Garin 0.5 mg/dl (2007), 
Su Jin Jung 1 mg/dl (2016), Ji-Nan Sheu 2 mg/
dl (2011), Su Jin Jung Jinc-Hsi Wu 10 mg/dl 
(2012), Ji-Nan Sheu 10 mg/dl (2011), Parviz 
AyAzi 10 mg/dl (2013), (Figure 3). And we found 
that those seven cut-off values just corre-
sponded to the best sensitivity or specificity, 
which caused a greater distress for the correct 
evaluation of the diagnostic value of CRP.

Subgroup analysis

Because sensitivities and specificities with dif-
ferent cut-off values were different, subgroup 
analysis based on different cut off values was 
performed in this study. In all the incorporated 
literature, six of the optimal cut-off values were 
calculated by the ROC curve, including Byung 
Kwan Kim 2.78 mg/dl (2017), Ji-Nan Sheu 3.5 
mg/dl (2011), Ji Hyun Sim 3.86 mg/dl (2015), 
Won Hee Seo 5.1 mg/dl (2014), Hai-Lun Sun 
6.2 mg/dl (2014), Banuelos-Andrío, L 39.4 mg/
dl (2017). But the best cut-off value was not 
obtained from another six studies, including 
Aboulazl Mahyar (2013), I Re Lee (2015), Jung 
Won Lee (2013), Sandrine Leroy (2013), Song 
Yi Han (2016), Su Jin Jung (2016). And most of 

(Figure 4B); and the corresponding AUROC was 
0.82 (95% CI: 0.79 to 0.86) (Figure 4C). PLR 
and NLR were 3.2 (95% CI: 2.8 to 3.8) and 0.23 
(95% CI: 0.15 to 0.36), and pre-test probability 
of the CRP level used for diagnosis of APN from 
UTI in children with fever was 54%. The results 
of Fagan’s nomogram analysis showed that 
post-test probability of PLR increased to 79% 
and post-test probability of NLR decreased to 
21% compared to the 54% of pre-test probabil-
ity, respectively (Figure 4D). Furthermore, the 
analysis result of the bivariate box plot showed 
that the entire shape of the bivariate box was 
symmetrical, indicating that the data within the 
normal distribution was tight and had no outlier 
(Figure 4E).

Heterogeneity source analysis

A large heterogeneity was found between the 
pooled results from all studies with 35 cut off 
values (sensitivity: P = 0.000, I2 = 93.83; speci-
ficity: P = 0.000, I2 = 94.18; DOR: P = 0.000, I2 
= 100.00) and studies with cut-off values dis-
tributed between 2.5 and 7 (sensitivity: P = 
0.000, I2 = 85.33; specificity: P = 0.000, I2 = 
63.13; DOR: P = 0.000, I2 = 97.45). But the 
combined heterogeneity from latter ones was 
reduced, indicating that cut-off value was one 
of heterogeneity sources. 

Publication bias analysis

The Deeks’ chart was used to assess the publi-
cation bias. Midas performs linear regression 

Figure 3. Bivariate Boxplot used to estimate outliers for all included studies.

the literatures showed that 
the best cut-off values were 
mainly between 2.5 and 7, 
so we chose the right litera-
tures to perform the sub-
group analysis. Spearman 
correlation coefficient was 
-1.00, and P value was 1, 
so there was no threshold 
effect and those results 
could be combined. And 
the combined results sho- 
wed that sensitivity and 
specificity of the CRP level 
used for diagnosis of APN 
from UTI in children with 
fever were 0.83 (95% CI: 
0.73 to 0.90) and 0.74 
(95% CI: 0.69 to 0.80) (Fi- 
gure 4A), DOR was 14.16 
(95% CI: 8.97 to 22.37) 
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Figure 4. A. Forest plots of pooled sensitivity and specificity of CRP level used for diagnosis of APN from UTI in children with fever. The pooled sensitivity and speci-
ficity for ten studies with cut-off value between 2.5 and 7. B. Forest plots of pooled diagnostic score and DOR of CRP level used for diagnosis of APN from UTI in 
children with fever. The pooled diagnostic score and DOR for ten studies with cut-off value between 2.5 and 7. C. AUROC of CRP level for diagnosis of APN from UTI 
in children with fever. Every asterisk stands for a study and ten studies with cut-off value between 2.5 and 7 were shown here. SENS, sensitivity; SPEC, specificity; 
SROC, summary receiver operating curve; AUC, area under the curve. D. Fagan’s nomogram analysis of pre-test probability and post-test probability for ten studies 
with cut-off value between 2.5 and 7. LR, likelihood ratio; Post_Pro_Pos, post probability positive; Post_Pro_Neg, post probability negative. E. Bivariate Boxplot used 
to estimate outliers for ten studies with cut-off value between 2.5 and 7.
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of log odds ratios on inverse root of effective 
sample sizes as a test for funnel plot asym- 
metry in diagnostic meta-analysis. A non-zero 
slope coefficient was suggestive of significant 
small study bias (P value < 0.10). In our study 
we found that the combination of 35 cut-off val-
ues had a large publication bias (P = 0.000) 
(Figure 5A). But there was no publication bias 
in the merged result of cut-off values between 
2.5 and 7 (P = 0.44) (Figure 5B).

Discussion

A total of 3861 cases from 21 studies were 
included in this meta-analysis, and the pooled 
results suggested that sensitivity and specifici-
ty of the CRP level used for diagnosis of  

ity in that study got in the way of our recommen-
dations. In our meta-analysis, nevertheless, 
the results showed a moderate accuracy of 
CRP used for diagnosing APN from UTI though 
there also was heterogeneity. Although the 
pooled sensitivity (0.826, 95% CI: 0.744 to 
0.886) was slightly lower compared to this in 
the early study, the pooled specificity was much 
higher (0.669, 95% CI: 0.582 to 0.747), espe-
cially in the subgroup analysis, the pooled spec-
ificity was increased to 0.74 (95% CI: 0.69 to 
0.80) when the CRP level was between 2.5 
mg/L and 7 mg/L.

In this study, there was no threshold effect 
(Spearman correlation coefficient -0.804, P > 
0.05), but there was a large heterogeneity (I2 > 

Figure 5. A. Publication bias from Deeks’ test is shown by funnel plots for all 
included studies. ESS, effective sample size. B. Publication bias from Deeks’ 
test is shown by funnel plots for ten studies with cut-off value between 2.5 and 
7. ESS, effective sample size.

APN from UTI in children  
with fever were 0.826  
and 0.669, corresponding 
AUROC and DOR were  
0.81 and 9.605, respec-
tively. This indicated a  
moderate value of CRP le- 
vel used to diagnose APN 
from UTI [20]. Furthermore, 
compared to the 53% of 
pre-test probability, post-
test probability of PLR in- 
creased by 21% and post-
test probability of NLR de- 
creased by 30%. 

This meta-analysis is not 
the first one diagnostic 
meta-analysis about evalu-
ating the diagnostic value 
of CRP used to diagnose 
APN from UTI. In 2015, the 
first one study had been 
published and a related 
conclusion had been rea- 
ched [42]. In the early one, 
a low CRP value (< 20 mg/ 
L) appeared to contribute 
to the exclusion of pyelone-
phritis (the likelihood of 
reduced pyelonephritis < 
20%), and the pooled sen-
sitivity and specificity were 
0.94 (95% CI: 0.85 to 0.97) 
and 0.39 (95% CI: 0.23 to 
0.58), respectively. But the 
inexplainable heterogene-
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50%, P < 0.05). Those studies selected in this 
meta-analysis had consistent characteristics 
such as the first episode of febrile UTI and 
Tc-99m dimercaptosuccinic acid renal scan as 
the gold standard for the diagnosis of APN. But 
ages of included children, and the time between 
detection of APN and UTI were both might be 
heterogeneous sources, which could not be 
analyzed because of no original data. Similarly, 
though the detection of CRP level was also one 
of the causes of heterogeneity, subgroup analy-
sis could not be performed from detection 
methods of CRP level without detailed infor- 
mation.

Similarly, there was a large publication bias 
between the included studies (P < 0.10). The 
reasons may be as follows: the publication of 
language bias, in the relevant meta-analysis 
published in 2015, into the 26-letter-based lan-
guage, and this meta from the English pub-
lished literature; Secondly, the meta analysis 
selected the publication with published search-
able data, but for those in abstract form, con-
ference papers, academic papers and other 
forms of the article were excluded.

There are some limitations in this system eva- 
luation: 1. There may be a certain degree of 
selective bias, as only English literatures were 
included; 2. Different measurement instru-
ments used in these studies were included in 
this meta-analysis, so the measurement results 
may be affected by the improvement of the 
instrument and the systematic error; 3. The 
variable quality of included original studies may 
affect the reliability of the conclusions; 4. Meta 
regression analysis through QUADAS score 
wasn’t performed due to the limited number of 
included literatures. In addition, we can not 
explore whether the design, including blind-
ness, random design and forward-looking de- 
sign, will affect the accuracy of the diagnosis. 

In summary, to a certain extent, CRP helps the 
diagnosis of APN from the UTI. But more diag-
nostic research with rigorous, large sample size 
are needed to carry out by more researchers to 
provide a more scientific and objective refer-
ence for clinical application. Meanwhile, a uni-
fied detection method and strict quality con- 
trol measures are needed in these studies to 
ensure the quality of research, resulting in a 
high degree of credibility and strong guiding sig-
nificance of the results. It will provide a more 

secure, economical, convenient and accurate 
mean for APN screening and prevention of kid-
ney damage and scarring, which could cause 
hypertension and chronic renal failure.
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