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ABSTRACT 
Background:	Urine	calprotectin	significantly	elevates	in	acute	kidney	injury	(AKI)	in	adult	and	pediatric	patients.	The	
present	study	aimed	to	assess	the	accuracy	of	urine	calprotectin	as	a	diagnostic	marker	for	(AKI)	in	neonates.	
Methods:	This	 cross-sectional	 study	assessed	urine	 calprotectin	 in	100	neonates	 (80	newborns	with	 confirmed	AKI	
and	20	healthy	ones).	Random	urine	calprotectin	was	measured	by	Enzyme-linked	Immunosorbent	Assay	(ELISA)	and	
then	compared	between	the	two	groups.	We	included	the	neonates	who	had	received	at	least	48	h	of	intravenous	fluid	
and	met	the	 inclusion	and	exclusion	criteria.	Receiver-operating	characteristic	(ROC)	curve	was	used	to	set	a	cut-off	
point	for	urine	calprotectin	for	the	prediction	of	AKI.	The	overall	accuracy	and	Kappa	coefficient	were	used	to	assess	
the	agreement	between	the	two	methods.	A	p-value	less	than	0.05	was	considered	statistically	significant.	
Results:	 Urine	 calprotectin	 levels	were	 not	 significantly	 higher	 in	 neonates	with	 AKI,	 as	 compared	 to	 those	 in	 the	
healthy	 ones	 (146.2	 versus	 142.4;	 P=0.1).	 The	 results	 pointed	 to	 an	 optimal	 cut-off	 value	 of	 123.5	mg/dl	 for	 urine	
calprotectin	with	the	area	under	the	curve	of	0.515	(the	sensitivity,	specificity,	positive	predictive	value,	and	negative	
predictive	 value	 were	 obtained	 at	 77.5%,	 40%,	 83.7%,	 and	 30.7%,	 respectively).	 The	 overall	 accuracy	 and	 Kappa	
agreement	coefficient	were	reported	as	70%	and	0.15,	r	(P=0.11).	
Conclusion:	 As	 evidenced	 by	 the	 results	 of	 the	 resent	 study,	 although	 urine	 calprotectin	 level	 elevates	 in	 AKI	 in	
neonates,	it	is	not	more	sensitive	than	gold	standards	to	predict	AKI.	
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Introduction	

Acute	 renal	 failure	 is	 a	 common	 cause	 of	
morbidity	 in	 neonates	 admitted	 to	 neonatal	
intensive	care	units	(NICUs)	(30%	worldwide)	(1).	
Mortality	and	lengths	of	hospital	stay	in	neonates	
with	 acute	 kidney	 injury	 (AKI)	 are	 higher	 than	
those	 without	 AKI	 (2),	 and	 the	 risk	 of	 chronic	
renal	 failure	 in	 adulthood	 increased	 in	 pediatric	
patients	 with	 AKI	 (3).	 It	 is	 obvious	 that	 the	
prognosis	 of	 AKI	 is	 highly	 dependent	 on	 early	
diagnosis	 and	onset	 of	 treatment.	 Therefore,	 it	 is	
of	 utmost	 importance	 to	 diagnose	 AKI	 with	
respect	 to	 physiologic	 changes	 in	 neonates.	

Nephrogenesis	 begins	 from	 the	 5th	 week	 of	
gestational	 age	 and	 will	 be	 completed	 until	
adulthood	(4).	There	is	a	paucity	of	studies	on	the	
effect	 of	 prematurity	 and	 intrauterine	 growth	
restriction	(IUGR)	on	nephrogenesis;	nonetheless,	
the	 adverse	 effect	 of	 renal	 failure	 on	 renal	
maturation	is	obvious	(5,	6).	Definition	of	AKI	for	
neonates,	 in	a	neonatal	AKI	workshop	which	was	
held	 in	 2017,	 was	 modified	 from	 pediatrics	
definition	 based	 on	 serum	 creatinine	 and	 urine	
output	(7).	

Neonatal	serum	creatinine	levels	(nSCr)	could	
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be	 affected	 by	 birth	 weight	 (BW)	 and	 maternal	
serum	 creatinine	 (mSCr)	 (8).	 Renal	 function	 is	
low	at	birth,	especially	in	premature	neonates.	In	
addition,	 preterm	 birth	 is	 associated	 with	
maternal	 complications.	 Therefore,	 nSCr	 in	
preterm	 neonates	 is	 influenced	 by	 various	
factors	(8,	9).	Serum	creatinine	in	neonates	could	
be	 affected	 by	 pregnancy-induced	 hypertension	
(PIH)	 (8),	 maternal	 creatinine,	 gestational	 age,	
intravascular	 fluid	 volume,	 and	 serum	bilirubin  
(10).	

The	AKI	is	defined	as	a	wide	spectrum	disease	
classified	 into	 three	 groups	 for	 better	
management	 and	 diagnosis:	 pre-renal,	 renal,	 and	
post-renal.	Post-renal	AKI	can	be	easily	confirmed	
by	 renal	 ultrasonography;	 nevertheless,	 it	 is	
challenging	 to	 differentiate	 between	 renal	 and	
pre-renal	 categories	 based	 on	 clinical	 evidence	
and	laboratory	tests,	such	as	urine	volume,	FENA,	
Bun	 to	 creatinine	 ratio,	 and	urine	 sediment	 (10).	
Treatment	 strategies	 also	 differ	 in	 these	 two	
groups.	The	management	of	pre-renal	AKI	is	based	
on	fluid	replacement,	while	renal	type	needs	fluid	
restriction	 (11-13).	 The	 conducted	 studies	
illustrated	 that	 urine	 calprotectin	 is	 a	 better	
marker	 to	 distinguish	 between	 renal	 and	 pre-
renal	 AKI,	 as	 compared	 to	 neutrophil	 gelatinase-
associated	lipocalin	(NGAL),	Urinary	kidney	injury	
molecule-1	 (KIM-1),	 and	 Fractional	 Excretion	 of	
Sodium	 (FeNA)	 (14).	 Calprotectin	 is	 an	 immune	
mediator	 protein	 that	 has	 a	 protective	 role	 in	
oxidative	 injuries	 caused	 by	 inflammations.	
Epithelial	 cells	 of	 collecting	 ducts	 also	 secret	
calprotectin;	 therefore,	 this	 protein	 can	 be	 found	
in	urine	shortly	after	renal	injuries	(15).	Previous	
studies	 have	 pointed	 to	 the	 relationship	 of	
calprotectin	 in	 physiologic	 fluids	 with	 feces	 and	
inflammatory	 diseases	 (16).	 The	 number	 of	
surveys	 on	 neonatal	 renal	 failure	 is	 limited,	 in	
comparison	 to	 those	 performed	 on	 adults	 and	
even	pediatric	patients.	

Despite	 the	 high	 frequency	 of	 AKI	 among	
neonates	 in	NICUs,	 there	 is	a	dearth	of	studies	 in	
this	 regard	 due	 to	 the	 absence	 of	 a	 unique	
desirable	 definition	 criterion	 worldwide	 (17-19).	
An	 elevation	 in	 creatinine	 level	 lags	 48-72	 h	
behind	 renal	 injury;	 moreover,	 it	 demonstrates	
the	 renal	 function,	 not	 renal	 injury.	 The	
measurement	of	neonatal	urine	volume	is	difficult	
(20,	 21);	 accordingly,	 neonates	 usually	 have	
nonoliguric	 renal	 failure,	 and	 oliguria	 is	 not	 a	
sensitive	marker	 to	diagnose	AKI	 in	 them	(22).	 It	
is	 of	 paramount	 importance	 to	 find	 another	
biomarker	for	the	diagnosis	of	AKI	in	neonates.	In	
light	 of	 the	 aforementioned	 issues,	 the	 present	

study	 aimed	 to	 find	 whether	 urine	 calprotectin	
could	 be	 a	 desirable	 noninvasive	 and	 sensitive	
biomarker	 for	 the	 diagnosis	 of	 AKI	 in	 neonates.	
We	 also	 compare	 calprotectin	 in	 pre-renal	 and	
renal	 groups	 of	 AKI	 to	 assess	 whether	 it	 can	 be	
used	to	distinguish	between	these	two	types.	

	
Methods	
Design	and	patients	

This	cross-sectional	study	was	conducted	from	
March	 till	 December	 of	 2018	 at	 Ali	 Asghar	
Hospital	 affiliated	 with	 the	 Iran	 University	 of	
Medical	 Science.	 The	 study	 population	 included		
100	neonates	aged	3-14	days	enrolled	in	the	study	
and	assigned	to	two	groups	of	the	case	(n=80)	and	
controls	 (n=20).	 The	 neonates	 in	 the	 case	 group	
were	 diagnosed	 with	 AKI	 according	 to	 the	
modified	 2016	 Kidney	 Disease	 Improving	 Global	
Outcomes	 (KDIGO)	 criteria,	 while	 the	 controls	
were	 healthy	 neonates	 with	 no	 history	 of	 renal	
injury.		We	included	the	neonates	who	received	at	
least	 48	 h	 of	 intravenous	 fluid	 before	 creatinine	
elevation.	All	parents	gave	their	written	informed	
consent	prior	 to	 the	 study.	The	exclusion	 criteria	
were	as	follows:	neonates	older	than	14	days	and	
younger	than	3	days,	gestational	age	 less	than	28	
weeks,	 the	 presence	 of	 obstructive	 uropathies,	
urinary	 tract	 infection,	 congenital	 heart	 disease	
that	needs	heart	surgery	during	first	7	days	of	life,	
fatal	 chromosomal	 anomalies,	 severe	 congenital	
renal	anomalies,	as	well	as	prenatal	risk	factors	of	
AKI	 (including	 the	 maternal	 history	 of	 using	
nephrotoxic	 drugs,	 diabetes	 mellitus,	 renal	
disorders,	 eclampsia,	 and	 preeclampsia,	 chronic	
hypertension,	 oligo	 or	 polyhydramnios,	 clinical	
chorioamnionitis,	 and	 vaginal	 bleeding	 during	
pregnancy).	

	
Outcome	and	Measurements	

In	 the	 present	 study,	 AKI	 diagnosis	 was	
confirmed	 according	 to	 proposed	 neonatal	 AKI	
definition	modifications	from	KDIGO	pediatric	AKI	
definition,	 using	 serum	 creatinine	 (mg/dl)	 and	
urine	 output	 (ml/kg/h).	 When	 serum	 creatinine	
rise	 ≥	 0.3	 within	 48	 h	 or	 ≥	 1.5-1.9	 rise	 from	
baseline	(defined	as	previous	lowest	value)	within	
7	days	or	urine	output	≤	1	for	24	h,	it	is	considered	
Stage	 1.	 Stage	 2	 is	 ≥	 2-2.9	 rise	 of	 Serum	 cr	 from	
baseline	or	urine	output	≤	0.5	for	24	h.	Stage	3	is	
defined	 as	 increase	 in	 serum	 creatinine	 by	 ≥	 0.3	
from	baseline	 or	 ≥	 2.5	 or	RRT	 initiation	 or	 urine	
output	≤	0.3	for	24	h	(23).	Creatinine	at	the	time	of	
admission	 is	 regarded	 as	 baseline	 creatinine.	
Creatinine	is	ignored	in	the	first	three	days	of	life	
since	it	is	affected	by	maternal	creatinine.		
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In	order	 to	eliminate	 the	effect	of	bilirubin	on	
serum	creatinine,	 creatinine	 in	 the	healthy	group	
was	 measured	 by	 HITACHI	 E311	 auto	 analyzer.	
Urine	 output	 was	measured	 by	 diaper	weighting	
or	 catheter	 urine	 collection	 every	 3	 h.	When	AKI	
was	confirmed	and	before	receiving	any	IV	fluid,	a	
5cc	 urine	 sample	 was	 collected	 simultaneously	
with	 the	 blood	 sample.	 In	 the	 control	 group,	
random	 urine	was	 collected	 simultaneously	 with	
the	blood	sample	upon	admission.	In	both	groups,	
the	 urine	 samples	 were	 collected	 by	 suprapubic	
aspiration,	 catheterization,	 or	 midstream	
specimen	of	urine	(MSU)	methods.	Urine	samples	
were	 stored	 at	 -80C.	 Calprotectin	 concentration	
was	measured	by	Enzyme-linked	Immunosorbent	
Assay	(ELISA)	according	 to	manufacture	protocol.	
The	 result	 was	 reported	 in	 mg/dl.	 Plasma	
creatinine	was	measured	and	reported	in	mg/dl.		

The	 following	 information	was	 collected	 from	
hospital	 records:	 gender,	 age,	 the	 reason	 for	
admission,	 gestational	 age,	 Apgar,	 intubation,	
receiving	 CPR	 at	 birth,	 history	 of	 nephrotoxic	
drugs,	 plasma	 creatinine,	 urine	 output,	 type	 of	
renal	 failure,	 stages	 of	 renal	 failure,	 maternal	
history	 (the	 used	 drugs	 during	 pregnancy,	
diabetes	 mellitus,	 eclampsia	 and	 preeclampsia,	
chronic	 hypertension,	 chronic	 renal	 failure,	 and	
vaginal	bleeding).		

Age	 in	 this	 study	was	defined	as	passing	days	
after	 birth,	 and	 gender	 was	 defined	 as	 girl	 and	
boy.	Weight	was	 considered	 at	 birth	 in	 kilogram.	
The	 specific	 gravity	 of	 urine	 was	measured	 by	 a	
dipstick	 test.	 The	 cause	 of	 AKI	 was	 categorized	
into	 different	 causes	 of	 disease	 that	 lead	 to	
hospital	 admissions,	 such	 as	 sepsis,	 metabolic	
disorders,	 respiratory	 distress	 syndrome	 (RDS),	
hypoxic-ischemic	 encephalopathy,	 seizure,	
needing	 surgery,	 prematurity,	 dehydration,	 and	
jaundice.	The	AKI	was	classified	 into	three	stages	
base	 on	 the	 modified	 2016	 KDIGO	 neonatal	 AKI	
definition.	To	assign	the	type	of	AKI,	a	decrease	in	
serum	 creatinine	 after	 48	 h	 of	 fluid	 replacement	
therapy	 was	 regarded	 as	 pre-renal,	 any	
obstructive	pathologies	in	renal	sonography	were	
considered	post-renal,	and	others	were	defined	as	
renal.	 The	 history	 of	 5	 minutes	 Apgar	 score,	
intubation,	 and	 CPR	 in	 the	 delivery	 room	 was	
acquired	 from	 patient	 hospital	 records.	 Drug	
information	 was	 retrieved	 from	 patients'	 drug	
sheets.	 Nephrotoxic	 drugs	 were	 used	 for	 all	 the	
neonates	 enrolled	 in	 this	 study,	 and	 no	
interventional	management	was	performed.	It	was	
not	possible	to	use	FENA	to	differentiate	between	
renal	and	pre-renal	 since	diuretics	were	used	 for	
most	 of	 the	 cases	 during	 admission.	 In	 order	 to	

eliminate	 the	 evaporation	 effect	 of	 warmers	 and	
NICU	 temperature	 on	 urine	 output,	 it	 was	
measured	every	3	h.	To	 reduce	 the	effect	of	 fluid	
overload	that	leads	to	an	increase	in	urine	output,	
neonates	were	weighed	daily.	Weight	changes	are	
depicted	in	the	table.	

	
Sample	size	

The	 sample	 size	 was	 calculated	 at	 80	 and	 20	
for	 the	 case	 and	 control	 groups,	 respectively,	
based	on	a	study	performed	by	Basiratnia	(3)	with	
a	 sensitivity	 of	 89.7,	 specificity	 of	 97.1	 for	
calprotectin,	 the	 prevalence	 of	 0.4	 for	 AKI	 in	
Iranian	 neonates,	 a	 power	 of	 95%,	 and	 an	 alpha	
error	of	0.05.	

	
Ethical	considerations	

The	 study	 was	 approved	 by	 the	 Iran		
University	 of	 Medical	 Science	 Ethics	 committee	
(ID	number	 IR.IUMS.FMD.REC1396.9411165024).	
We	 explained	 the	 study	 to	 the	 parents	 of	
participants	and	obtained	parental	consent	before	
the	commencement	of	the	study.	

	
Statistical	Analysis	

Mean	 and	 standard	 deviation	 were	 used	 to	
describe	 the	 results	 of	 quantitative	 variables	
(mean±SD),	while	the	percentage	was	utilized	for	
qualitative	 ones.	 The	 normality	 of	 data	 was	
checked	using	the	Kolmogorov-Smirnov	(KS)	test.	
Independent	 T-test	 and	 one-way	 analysis	 of	
variance	(ANOVA)	test	were	employed	to	compare	
the	difference	between	quantitative	variables	and	
if	 there	 was	 a	 statistically	 significant	 difference,	
the	 Tukey	 test	was	 used	 to	 compare	 the	 groups.	
Qualitative	 variables	 were	 compared	 using	 the	
chi-square	 test.	 The	 receiver	 operator	
characteristic	 curve	 (ROC)	 and	 area	 under	 the	
curve	 (AUC)	 were	 used	 to	 determine	 an	
appropriate	cut-off	point	of	urine	calprotectin	 for	
AKI	 diagnosis	 in	 neonates.	 Sensitivity,	 specificity,	
positive	 predictive	 value,	 negative	 predictive	
value,	 and	 overall	 accuracy	 of	 urine	 calprotectin	
were	 also	 calculated.	 The	 Kappa	 agreement	
coefficient	 was	 employed	 to	 assess	 the	
consistency	 between	 the	 urine	 calprotectin	 and	
gold	 standard	 results	 for	 AKI	 diagnosis,	
determining	the	severity	of	the	respiratory	failure.	
Data	were	analyzed	in	SPSS	software	(version	20)	
and	 STATA	 software	 (version	 12)	 (StataCorp,	
Texas,	 USA).	 A	 p-value	 less	 than	 0.05	 was	
considered	statistically	significant.	

	
Results	

A	 total	 of	 100	 neonates	 aged	 3-4	 days	 who	
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were	admitted	to	the	NICU	of	Ali	Asghar	Hospital	
participated	 in	 this	 study,	 including	 80	 patients	
with	 AKI	 (53	 pre-renal	 and	 27	 renal)	 and	 20	
healthy	 ones.	 The	 gender	 was	 not	 significantly	
different	 between	 the	 two	 groups.	 The	majority	
of	 the	 newborns	 with	 AKI	 were	 at	 stage	 one	
(64%),	and	the	most	frequent	cause	of	admission	
was	 sepsis	 (25%).	 Most	 of	 the	 cases	 had	 no	
history	 of	 CPR	 and	 intubation	 (85%	 and	 75%	
respectively);	 nonetheless,	 most	 of	 the	 patients	
with	 these	 histories	 corresponded	 to	 the	 pre-
renal	 group.	 Different	 stages	 of	 AKI	
demonstrated	 a	 significant	 difference	 in	
intubation	 history	 (P=0.01).	 There	 was	 a	
significant	 difference	 between	 the	 stages	 and	
types	 of	 AKI	 (P<0.001).	 In	 both	 pre-renal	 and	
renal	 AKI,	 the	 majority	 of	 cases	 (64%)	
corresponded	to	stage	one,	followed	by	stage	two	
(15%)	 and	 stage	 three	 (1%).	 The	 clinical	

characteristics	 of	 the	 participants	 are	 displayed	
in	 Table	 1.	 In	 one-way	 ANOVA,	 there	 was	 a	
significant	statistical	difference	for	urine	specific	
gravity	 (SG)	 among	 participants	 (P=0.02).	 The	
Tukey	 test	 pointed	 to	 a	 meaningful	 difference	
between	 both	 renal	 and	 pre-renal	 groups	
(P=0.01)	 and	 pre-renal	 and	 healthy	 subjects	
(P=0.01;	Table	2).	In	the	current	study,	neonates	
with	 AKI	 were	 significantly	 older	 than	 healthy	
ones	 (P<	 0.001);	 however,	 the	 Tukey	 test	 result	
showed	 that	 this	 difference	 was	 significant	
between	 healthy	 and	 AKI	 subjects	 (P<0.001).	
Nevertheless,	 this	 finding	 was	 expected	 since	
physiologic	 icter	 usually	 presents	 on	 days	 2-5	
after	 birth.	 Serum	 Creatinine	 levels	 in	 the	 AKI	
group	 were	 higher	 than	 those	 in	 neonates	
without	 AKI	 (P<	 0.001).	 Gestational	 age,	 birth	
weight,	 and	 Apgar	 score	 were	 not	 significantly	
different	 between	 the	 groups	 (P	 >	 0.05).

	
Table	1.	Demographic	characteristics	of	participants		

	 Case	
n=80	

Control	
n=20	

ALL	
n=100	 P-value	

Gender	 	 	 	  
Boy	 48	(60	%)	 12	(60%)	 60	(60%)	 0.4	
Girl	 32	(40%)	 8	(40%)	 40	(40%)	 	
Age	(mean	±	SD)	 7.81±3.8	 3.4±0.9	 	 <0.001	
Gestational	age	(mean	±	SD)	 36.2	±	3.9	 37.5	±	1.5	 	 0.34	
Gestational	weight	(mean	±	SD),	Kg	 2.65±0.9	 2.9±0.5	 	 0.35	
Apgar	(mean	±	SD)	 8.55	±	1.2	 9.0	±	0.6	 	 0.36	
Stage	 	 	 	 	
1	 64	(80%)	 0	 64(64%)	 	
2	 15	(18.75%)	 0	 15(15%)	 <0.001	
3	 1	(1.25%)	 0	 1(1%)	 	
Admission	cause	 	 	 	 	
Sepsis	 25	(31.25%)	 0	 25	(25%)	 	
Hypoxic	encephalopathy	 7	(8.75%)	 0	 7	(7%)	 	
Prematurity	 6	(7.5%)	 0	 6	(6%)	 	
RDS	 14	(17.5%)	 0	 14	(14%)	 <0.001	
Seizure	 6	(7.5%)	 0	 6	(6%)	 	
Metabolic	assay	 6	(7.5%)	 0	 6	(6%)	 	
Dehydration	 3	(3.75%)	 0	 3	(3%)	 	
Surgery	 13	(16.25%)	 0	 13	(13%)	 	
Icter	 20	(25%)	 20	(100%)	 20	(20%)	 	
Intubation	 	 	 	 	
Yes	 25	(31.25%)	 0	 25	(25%)	 0.01	
No	 55	(68.75%)	 20	 75	(75%)	 	
CPR	 	 	 	 	
Yes	 15	(18.75%)	 0	 15	(15%)	 0.09	
No	 65	(81.25%)	 20	(100%)	 85	(85%)	 	
	
Table	2.	Comparing	the	mean	and	standard	deviation	between	study	and	control	groups	(one	way	ANOVA	test)	

	 Renal	
n	=	27	

Pre	renal	
n	=	53	

Control	
n	=	20	 P	value	

Serum	creatinine	(mean	±	SD)	 0.8±0.2b	 0.8±0.4b	 0.4±0.08α	 <0.001 
Urine	SG	(mean	±	SD)	 1009.7±3.7α	 1014.1±7.7𝑏	 1009.3±4.0α	 0.02 
urine	calprotectin	(mean	±	SD)	
Calprotectin/Urinosmol	
(mg/mosmol/kg/H2o)	ratio	
Fluid	therapy	duration	before	sampling(day)	

153.9±34.2	
	

0.45±0.20𝑎	
3.52±1.45	

138.5±25.8	
	

0.34±0.22𝑏	
3.49±1.22	

142.4±34.4	
	

0.76±0.4𝑎	
2.76±1.1	

0.10	
	

0.007	
0.59	

*Same	alphabet	demonstrates	no	statistical	relation	and	different	alphabet	show	a	meaningful	difference.	
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Table	 3	 displays	 the	 results	 of	 the	 one-way	
ANOVA	 test	 which	 compared	 the	 effect	 of	
different	 variables	 on	 stages	 of	 AKI.	 Serum	
creatinine	 levels	 were	 significantly	 different	
between	 stages	 of	 AKI	 (P<0.001).	 A	 significant	
statistical	difference	was	demonstrated	between	
urine	 SG	 and	AKI	 stages	 (P<	 0.001).	 The	 results	
of	 the	 one-way	 ANOVA	 test	 revealed	 no	
significant	 difference	 in	 gestational	 age,	 birth	
weight,	Apgar	score,	and	even	urine	calprotectin	
between	the	stages	of	AKI	(Table	3).	

The	 ROC	 curves	 were	 used	 to	 determine	 the	
appropriate	 concentration	 of	 calprotectin	 for	 the	

diagnosis	of	AKI	 in	newborns.	This	curve	showed	
the	 poor	 discriminatory	 ability	 of	 urine	
calprotectin	 to	distinguish	AKI	based	on	 the	AUC	
obtained	 at	 0.512.	 The	 optimal	 calculated	 cut-off	
value	 for	 urine	 calprotectin	 level	 to	 predict	 AKI	
with	a	sensitivity	of	77.5%	and	specificity	of	40%	
was	 123.5	 ng/ml	 (Figure	 1).	 Table	 4	 presents	 a	
comparison	 of	 urine	 calprotectin	 with	 the	
standard	definition	of	AKI.	In	70%	of	participants,	
AKI	 diagnosis	 concurred	 with	 a	 positive		
predictive	value	of	83.78	and	a	negative	predictive	
value	 of	 30.76.The	 observed	 agreement	 for	
calprotectin	 was	 0.15	 (Kappa=0.15;	 P=0.11).

	
Table	3.	Comparing	the	mean	and	standard	deviation	between	stages	of	acute	kidney	injury	groups		

P	value Stage	1	Stage	2 Stage3 	
0.62 3.5±36.2 36.0±5.0 40±0 Gestational	age	(mean±SD) 
0.68 0.8±2.7 0.9±2.5 0±3.20 Birth	weight	(mean±SD) 
0.78 1.4±8.5 1.01±8.8 0±9 Apgar	(mean	±	SD) 
<0.01 0.7±0.1 𝑎1.01±0.2 b3.6±0 Serum	creatine	(mean	±	SD)	
<0.01 5.6±1011.2 𝑎1017.6±8.4 b1030±0 Urine	SG	(mean	±	SD)	
0.22 24.3±142.5 45.9±151.6 0±104 Urine	calprotectin	(mean	±	SD) 
0.03	𝑐0.40±0.22	𝑏0.29±0.18	𝑎0.9±0.4	Calprotectin/Urinosmol	(mg/mosmol/kg/H2o)	Ratio	
0.58	𝑎3.5±1.48	3.40±1.35𝑏	𝑐2.00±1.22	Fluid	therapy	duration	before	sampling(day)	

	
Table	4.	Comparison	of	urine	calprotectin	accuracy	with	a	standard	definition	of	acute	kidney	injury		
Gold	standard	(crt	and	u/o)	 sensitivity	 specificity	 accuracy	 PPV	 NPV	 Kappa	 P-value	
	 	 healthy	 AKI	 total	 	 	 	 	 	 	 	
Calprotectin	 healthy	 8	 18	 26	 77.5%	 40%	 70%	 83.7%	 30.7%	 0.15	 0.11	
	 AKI	 12	 62	 74	 	 	 	 	 	 	 	
	 Total	 20	 80	 100	 	 	 	 	 	 	 	

	

 
Figure	1.	Receiver	operating	characteristic	curve	for	urine	calprotectin	level	in	the	diagnosis	of	acute	kidney	injury	in	neonates	
	

Discussion	
To	 the	best	 of	 our	 knowledge,	 it	was	 the	 first	

study	 to	 compare	 random	 urine	 calprotectin	
concentration	 in	 neonates	 with	 AKI	 and	 healthy	
ones.	This	 research	aimed	 to	assess	 the	ability	of	

urine	 calprotectin	 to	 diagnose	 AKI.	 The	 obtained	
results	 indicate	 that	 random	 urine	 calprotectin	
level	 in	 neonates	 is	 not	 significantly	 different	
between	these	two	groups.	It	cannot	be	used	as	a	
biomarker	for	the	diagnosis	of	AKI;	moreover,	it	is	
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not	 able	 to	 discriminate	 between	 renal	 and	 pre-
renal	 types.	 It	 was	 found	 that	 random	 urine	
calprotectin	 with	 a	 cut-off	 value	 of	 123.5,	 a	
specificity	of	40%,	and	a	sensitivity	of	77.5%	can	
help	to	distinguish	between	healthy	neonates	and	
those	with	AKI.	 In	 the	 current	 study,	 the	 level	 of	
urine	 calprotectin	 was	 not	 correlated	 with	 the	
severity	of	AKI.	Limited	studies	have	investigated	
urine	 calprotectin	 as	 a	 diagnostic	 biomarker	 of	
AKI	 in	 neonates,	 and	 the	 majority	 of	 them	 were	
carried	 out	 on	 adults	 and	 pediatric	 patients.	 For	
instance,	in	2016,	West	Hoff	et	al.	compared	urine	
calprotectin,	NGAL,	and	KIM1	in	pediatric	patients	
with	confirmed	AKI	based	on	KDIGO	and	PRIFLE.	
Their	 study	 showed	 that	 urine	 calprotectin	
performance	outperformed	KIM1	and	NGAL	in	the	
diagnosis	of	AKI	(24).	

In	 their	study,	Basiratnia	et	al.	 (2017)	made	a	
comparison	between	75	neonates	with	AKI	and	20	
healthy	 ones.	 Urine	 calprotectin	 was	 used	 as	 a	
marker	 to	 differentiate	 between	 acute	 prerenal	
and	 renal	 failure	 in	 neonates.	 In	 their	 study,	 the	
mean	 of	 urinary	 calprotectin	 in	 renal	 AKI	 was	
1240	 ng/ml	 versus	 285	 ng/ml	 in	 functional	 type	
and	 33	 in	 the	 healthy	 group,	 demonstrating	 a	
significant	 difference.	 The	 amount	 of	 urinary	
calprotectin	was	higher	 in	 the	 renal	 group,	while	
the	 levels	 of	 creatinine	 and	 GFR	 were	 equals	 in	
both	 renal	 and	 prerenal	 groups	 (P<0.05).	 In	 the	
stated	 study,	 urinary	 calprotectin	 level	 was	
associated	 with	 the	 severity	 of	 the	 renal	 failure,	
and	 its	 mean	 was	 significantly	 higher	 in	 the	
category	of	 injury	and	 failure	of	 renal	 failure	 (3).	
In	 the	 current	 study,	 the	 mean	 scores	 of	
calprotectin	 were	 reported	 as	 153.9,	 138.5,	 and	
142.5	 in	 the	 renal,	 prerenal,	 and	 healthy	 groups.	
Nonetheless,	 this	 difference	 was	 not	 significant,	
and	 calprotectin	 was	 not	 recognized	 as	 an	
indicator	for	the	differentiation	between	renal	and	
prerenal	 AKI.	 Therefore,	 calprotectin	 with	 a	 cut-
off	 value	 of	 230	 ng/ml,	 95.6%	 sensitivity,	 and	
100%	 specificity	 can	 be	 used	 to	 differentiate	
between	renal	and	pre-renal	AKI	(3).		

Seibert	 et	 al.	 in	 2016	 assessed	 the	 power	 of	
calprotectin	 in	 the	 differentiation	 between	 pre-
renal	 and	 renal	 acute	 allograft.	 They	yielded	 that	
urinary	calprotectin	levels	were	36	times	higher	in	
subjects	 with	 intrinsic	 AKI	 than	 in	 the	 pre-renal	
group	 (AUC	 of	 0.94)	 (25).	 In	 the	 same	 context,	
Heller	et	al.	(2011)	analyzed	urine	calprotectin	to	
make	 a	 distinction	 between	 the	 renal	 and	 pre-
renal	 types	 of	 AKI.	 They	 reported	 that	 renal	 AKI	
leads	 to	 highly	 increased	 urine	 calprotectin	
concentrations	(14).	The	renal	tubular	function	is	
immature	in	neonates,	especially	in	preterm	ones.	

Inappropriate	 excretion	 of	 urinary	 proteins	 such	
as	 calprotectin	 could	 be	 explained	 by	 renal	
maturity.	 On	 the	 other	 hand,	 we	 used	 KDIGO	
criteria	to	diagnose	AKI	in	this	study;	nonetheless,	
the	 lack	 of	 histological	 confirmation	 of	 AKI	
diagnosis	 can	 lead	 to	 a	 discrepancy	 between	 the	
results	of	the	present	research	and	those	obtained	
in	 other	 studies	 conducted	 on	 the	 pediatric	 and	
adult	population.	

In	 conclusion,	 there	 may	 not	 be	 a	 significant	
relationship	between	urine	calprotectin	 level	and	
AKI	in	neonates;	however,	it	is	able	to	predict	AKI	
in	adults	and	pediatric	patients.	The	achievement	
of	 a	 urine	 sample	 in	 comparison	 with	 blood	
creatinine	 is	 much	 easier	 and	 noninvasive.	
Consequently,	anemia	is	a	major	cause	of	neonatal	
morbidity,	 especially,	 preterm	neonates	 admitted	
to	 NICU	 wards.	 Postponing	 blood	 sampling	 can	
help	to	avoid	anemia	in	this	group;	therefore,	it	is	
crucial	to	find	new	diagnostic	biomarkers	with	no	
need	 for	 blood	 sampling.Biomarkers	 with	 high	
sensitivity	 and	 specificity	 for	 predicting	 AKI	 in	
neonates,	 such	 as	 NGAL	 have	 been	 discovered	
before.	They	can	improve	the	detection	of	AKI	and	
its	 differential	 diagnosis,	 apart	 from	 serum	
creatinine	 and	 urine	 output.	 It	 is	 of	 utmost	
importance	to	 find	some	biomarkers	as	a	reliable	
measurement	tool	across	different	laboratories.	

Among	 the	 notable	 limitation	 of	 the	 present	
study,	we	 can	 refer	 to	 the	 absence	 of	 a	 diagnostic	
gold	 standard	 definition	 of	 AKI	 in	 neonates.	 The	
latest	definition	of	AKI	is	based	on	urine	output	and	
serum	 creatinine;	 nonetheless,	 it	 is	 not	 widely	
accepted	in	this	population	since	these	criteria	have	
some	 limitations,	 such	 as	 nonoliguric	 renal	 failure,	
difficulties	 to	 measure	 urine	 output	 in	 this	 group,	
diuretic	 therapy	 in	 NICUs,	 the	 timing	 of	 blood	
sampling,	 as	 well	 as	 the	 time	 lag	 in	 creatinine	
elevation	 and	 maternal	 creatinine	 which	 affect	
neonates	 creatinine.	 Furthermore,	 we	 could	 not	
measure	serum	creatinine	daily;	therefore,	the	exact	
time	of	renal	failure	onset	is	unclear.	Consequently,	
it	 is	 not	 possible	 to	 predict	 the	 exact	 time	 that	
calprotectin	 level	 starts	 to	 rise	 in	 the	 urine.	 The	
aforementioned	 issues	 can	 limit	 our	 time-related	
diagnostic	ability.	Finally,	due	to	inadequate	budget,	
we	 could	 not	 serially	 measure	 calprotectin	 at	 the	
time	of	diagnosis	and	following	that.	
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