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1  |  INTRODUC TION

Congenital cytomegalovirus (CMV) infection is a huge public health 
problem all over the world,1 which can result in severe long- term 
sequelae. Furthermore, as many as 85%– 90% of CMV infection is 

clinically inapparent and cannot be identified in the neonatal period, 
even though, about 10%– 15% will develop late- onset hearing loss 
and other developmental disorders.2,3 Postnatal CMV screening is 
encouraged gradually.4 However, there is no consensus about tar-
geted and universal screening for congenital CMV infection.
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Abstract
Background: The aim of this study was to evaluate the predictive value of the hema-
tological parameters in the identification of human cytomegalovirus (CMV) infection 
in infants less than 3 months.
Methods: A	 single-	center,	 observational	 study	 of	 infants	 with	 CMV	 infection	 was	
conducted retrospectively. Routine blood parameters were analyzed in CMV- infected 
infants and controls with no differences of birthweight, sex, gestational age at birth, 
and date of admission. Furthermore, receiver- operating curve was used to assess the 
predictive value of the hematological parameters for CMV infection.
Results: One hundred ninety cases with CMV infection were studied retrospectively. 
Compared with the control group, there were significant differences in the white 
blood cell count, neutrophil count, lymphocyte count, platelet count, hemoglobin, 
neutrophil-	to-	lymphocyte	 (NLR),	 platelet-	to-	lymphocyte	 (PLR),	 and	 lymphocyte-	to-	
monocyte	 (LMR)	for	the	patients	with	CMV	infection	 (all	p < 0.001). The best pre-
dicted	values	for	CMV	infection	based	on	the	area	under	the	curve	(AUC)	were	NLR	
and	PLR	with	the	optimal	cut-	off	value	of	0.28	and	65.36.	NLR-	PLR	score	of	0,	1,	or	2	
based	on	an	elevated	NLR	(>0.28),	an	elevated	PLR	(>65.36),	or	both.	NLR-	PLR	score	
for	CMV	infection	prediction	yielded	higher	AUC	values	than	NLR	or	PLR	alone	(0.760	
vs. 0.689, 0.689; p < 0.001).
Conclusions: The	NLR	combined	with	PLR	is	potentially	useful	as	a	predictor	of	CMV	
infection in infants less than 3 months.
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In China, neonates are not routinely screened for CMV infection. 
CMV is identified by polymerase chain reaction (PCR) or culture. 
However, CMV detection is not available for some Chinese hospi-
tals. Therefore, although the CMV infection is common in China, 
part of infants infected with CMV are missed diagnosis.

Routine blood test is the most common test performed in pediat-
ric clinics. Markers of systemic inflammation, such as the neutrophil- 
to-	lymphocyte	(NLR)	and	platelet-	to-	lymphocyte	(PLR),	are	generally	
appealing to clinicians, as these laboratory data are routinely col-
lected prior to PCR or culture and are therefore readily available. 
NLR	is	a	novel	marker	of	inflammation,	which	has	been	shown	to	be	
correlated with thyroid conditions, type 2 diabetes mellitus (DM), ir-
ritable bowel syndrome, malignant conditions, ulcerative colitis, and 
cardiac conditions.5– 10 On the other hand, platelet- related markers 
are	also	considered	as	a	novel	inflammatory	markers.	PLR	is	one	of	
these novel indices and associated with inflammation in type 2 DM, 
malignant conditions, and thyroid conditions.8,11,12

Thus, we studied the hematological parameters differences of 
the patients with CMV infection or without CMV infection, which 
might provide convenient indicators for CMV infection and then re-
duce the misdiagnosis of CMV infection.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

The	infants	aged	7	days	to	3	months	diagnosed	with	CMV	infection	
being	 treated	 at	 the	Division	 of	Neonatology,	 Children's	Hospital,	
Zhejiang University School of Medicine from January to December 
2019 were included. Medical records of patients were retrospec-
tively reviewed. This study targeted the previously healthy and im-
munocompetent children. Patients with primary immunodeficiency, 
leukemia, inherited bone marrow failure syndrome, or acquired im-
mune deficiency syndrome were excluded. Furthermore, the exclu-
sion criteria included: repeat hospitalizations, bacterial infections, 
such as sepsis, urinary tract infections and meningitis, necrotic en-
terocolitis, fungal pneumonia. CMV infection was defined as posi-
tive	CMV-	DNA	in	urine	by	RT-	PCR.	A	control	 infant	without	CMV	
infection was selected retrospectively from the remaining infants, 
matched for sex, age, and birthweight. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 2013), and 
has	been	approved	by	the	Ethics	Review	Committee	of	the	Children's	
Hospital of Zhejiang University School of Medicine. Individual con-
sent for this retrospective analysis was waived.

2.2  |  Detection of urine CMV- DNA using RT- PCR

Urine	samples	were	collected	for	DNA	extraction.	CMV-	DNA	was	
evaluated by RT- PCR according to the instructions. The kit was pro-
duced	by	Da	An	Gene	Co.	The	Real-	Time	System	was	produced	by	
the	company	ABI	7500	in	USA.

2.3  |  Detection of routine blood parameters

A	routine	analyzer	 (XN-	2800,	SYSMEX)	was	used	 for	 routine	blood	
tests.	The	white	blood	cell	(WBC)	count,	neutrophil	(NEU)	count,	lym-
phocyte	(LYM)	count,	monocyte	(MON)	count,	platelet	(PLT)	count,	and	
hemoglobin	(HB)	were	recorded.	Additionally,	the	NLR	was	calculated	
by dividing the absolute neutrophil count by the absolute lympho-
cyte	count.	The	PLR	was	calculated	by	dividing	the	absolute	platelet	
count by the absolute lymphocyte count, while the lymphocyte- to- 
monocyte	(LMR)	was	calculated	by	dividing	the	absolute	lymphocyte	
count by the absolute monocyte count on routine blood tests.

2.4  |  Statistical analysis

Analysis	 was	 performed	 with	 SPSS	 software	 version	 23.0.	 The	
Kolmogorov- Smirnov normality test was run for checking the dis-
tribution	of	hematological	parameters	and	the	Levene	statistic	test	
was used to test the homogeneity of variances. One- way analy-
sis of variance test and t- test were conducted for comparison of 
normally distributed variables. The results of normally distributed 
variables are presented as the mean ± standard deviation (SD). 
Kruskal- Wallis H test in conjunction with the Mann- Whitney U- test 
was used for comparison of non- normally distrusted hematological 
parameters. Furthermore, receiver- operating curve (ROC) was used 
to assess the predictive value of the hematological parameters for 
CMV infection. Descriptive statistics were performed to determine 
the patients’ features. p- value <0.05 was considered significant.

3  |  RESULTS

3.1  |  Patient characteristics

In	the	present	study,	257	infants	with	CMV	infection	were	admit-
ted at our department in 2019. Sixty- seven infants were excluded, 
because of the following conditions: older than 3 months, younger 
than	7	days,	repeat	hospitalizations,	sepsis,	urinary	tract	infection,	
umbilical abscess, peri- umbilical cellulitis, lacrimal abscess, in-
tracranial infection, necrotic enterocolitis, and fungal pneumonia. 
Finally, 190 infants with CMV infection were enrolled. Meanwhile, 
190 infants without CMV infection were selected retrospectively 
from the remaining infants, matched for sex, age, and birthweight 
(Figure 1). The patients’ characteristics are shown in Table 1. There 
are no statistically significant differences in age, sex, birthweight, 
and premature/mature distributions between two groups.

3.2  |  Routine blood parameters in patients 
with and without CMV infection

Compared with the control group, the infants with CMV infection 
had	lower	NEU	counts,	PLT	counts	and	HB	values,	and	higher	WBC	
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counts	 and	 LYM	 counts.	 The	 NLR	 and	 PLR	 in	 the	 CMV	 infection	
group were significantly lower than that of control group, while the 
LMR	 in	 the	CMV	 infection	 group	was	 higher	 than	 that	 of	 control	
group	(Table	2).	Additionally,	no	significant	difference	of	MON	count	
was observed between two groups.

3.3  |  The predictive value of NEU, LYM, NLR, 
PLR, and LMR in CMV infection screening

To further evaluate the ability of the hematological parameters to 
predict the CMV infection, receiver- operating characteristic (ROC) 

F I G U R E  1 Flow	chart	of	infants	
selected for the study

Blood routine test
CMV infection group 
(n = 190)

Control group 
(n = 190) p

WBC	(109/L) 10.95 ± 4.38 9.77	± 3.18 0.003

NEU	(109/L) 2.30 ±	1.78 2.79	± 1.61 0.005

LYM	(109/L) 6.92 ± 3.09 5.27	±	1.72 <0.0001

MON	(109/L) 1.31 ± 0.63 1.27	± 0.56 0.483

PLT	(109/L) 324.35 ± 125.49 380.93 ± 119.35 <0.0001

HB	(g/dl) 11.40 ±	2.17 12.00 ± 2.22 0.009

NLR 0.37	± 0.31 0.56 ± 0.34 <0.0001

PLR 54.69 ±	29.57 79.03	± 34.68 <0.0001

LMR 5.98 ± 2.85 4.79	± 2.91 <0.0001

Abbreviations:	CMV,	cytomegalovirus;	HB,	hemoglobin;	LMR,	lymphocyte-	to-	monocyte;	LYM,	
lymphocyte;	MON,	monocyte;	NEU,	neutrophil;	NLR,	neutrophil-	to-	lymphocyte;	PLR,	platelet-	to-	
lymphocyte;	PLT,	platelet;	WBC,	white	blood	cell	count.
p- value <0.05 marked in bold font shows statistical significance.

TA B L E  2 Hematological	parameters	
of the CMV infection group and control 
group

CMV infection group (n = 190) Control group (n = 190) p

Age	(days) 36 34 0.140

Birthweight	(g) 2931 2975 0.562

Gender 0.672

Males 117 121

Females 73 69

Gestation 0.909

Mature 138 137

Premature 52 53

Abbreviation:	CMV,	cytomegalovirus.

TA B L E  1 Clinical	characteristics	of	
infants with or without CMV infection
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curve analyses were used. The results showed that the areas under 
the	 curve	 (AUC)	 for	 NEU,	 LYM,	 NLR,	 PLR,	 and	 LMR	were	 0.631,	
0.674,	0.729,	0.728,	and	0.65,	respectively,	and	the	optimal	cut-	off	
value was 2.01 (109/L),	 5.61	 (109/L),	 0.28,	 65.36,	 and	0.54,	 corre-
sponding to the maximum joint sensitivity and specificity, respec-
tively (Figure 2).

Given	the	better	ability	of	NLR	and	PLR	for	predicting	CMV	in-
fection,	we	further	analyzed	the	ability	of	NLR	combined	with	PLR	
for	predicting	 the	CMV	 infection.	Patients	were	assigned	an	NLR-	
PLR	score	of	0,	1,	or	2	based	on	an	elevated	NLR	(>0.28), an elevated 
PLR	 (>65.36),	or	both,	 as	 follows:	patients	with	elevated	NLR	and	
PLR	were	assigned	a	score	of	2,	and	patients	with	either	or	neither	
were	 assigned	 a	 score	 of	 1	 or	 0,	 respectively.	 NLR-	PLR	 score	 for	
CMV	 infection	prediction	 yielded	higher	AUC	values	 than	NLR	or	
PLR	alone	(0.760	vs.	0.689,	0.689;	p < 0.001) (Table 3) (Figure 3).

4  |  DISCUSSION

In	the	current	study,	we	found	that	the	NEU,	NLR,	and	PLR	were	sig-
nificantly lower in infants with CMV infection than that in patients 
without	CMV	infection,	while	higher	WBC	counts	and	LYM	counts	
were observed in patients with CMV infection. Furthermore, the 
best	 predicted	 values	 for	 CMV	 infection	 based	 on	 the	AUC	were	
NLR	 and	 PLR	 with	 the	 optimal	 cut-	off	 value	 of	 0.28	 and	 65.36.	
Interestingly,	NLR-	PLR	score	 for	CMV	 infection	prediction	yielded	
higher	AUC	values	than	NLR	or	PLR	alone	(0.760	vs.	0.689,	0.689;	
p < 0.001).

Congenital CMV infection is prevalent in China. Maternal CMV 
seroprevalence is reported to be higher than 90%. The rate of 

congenital	 CMV	 infection	 is	 about	 0.7%	 among	 all	 live	 births.13,14 
CMV can affect multiple organs with a variety of manifestations, 
such as intrauterine growth retardation, microcephaly, brain dam-
age, hearing damage, retinitis, and hepatosplenomegaly.15,16 CMV 
has been associated with myelosuppression, including granulocyto-
penia, thrombocytopenia, and anemia.17–	19 Traditionally, CMV infec-
tion is identified by PCR or culture, which is not available for some 
Chinese hospitals. Therefore, it is necessary to search for potential 
diagnostic indicators that are available for the community hospitals.

Recently,	 the	 NLR	 was	 shown	 to	 be	 closely	 associated	 with	
lots of diseases, such as systemic inflammation, cardiovascular 
diseases, malignant diseases.10,20,21	 NLR	 is	 an	 important	 marker	
affecting tumor metastasis and prognosis.22	Additionally,	a	 retro-
spective	study	of	bacteremia	found	that	NLR	greater	than	7	was	an	
independent risk factor for increased mortality.23	NLR	is	also	inves-
tigated	as	useful	predictors	for	the	viral	infection.	The	NLR	is	sen-
sitive for the detection of influenza virus infection.24 Meanwhile, 
higher	 white	 blood	 cells,	 neutrophil,	 and	 NLR	 were	 found	 in	

F I G U R E  2 ROC	curves	of	the	NLR,	PLR,	NEU,	LYM,	and	LMR	for	
predicting the CMV infection

TA B L E  3 Areas	under	the	ROC	curves	of	NLR,	PLR,	and	NLR-	
PLR	score	for	predicting	CMV	infection

Variables
Area under the ROC 
curve (95% CI) p

NLR	(≤0.28/>0.28) 0.689	(0.636–	0.743) <0.001

PLR	(≤65.36/>65.36) 0.689	(0.636–	0.743) <0.001

NLR-	PLR	score	(0/1/2) 0.760	(0.712–	0.809) <0.001

Abbreviations:	CMV,	cytomegalovirus;	NLR,	neutrophil-	to-	lymphocyte;	
PLR,	platelet-	to-	lymphocyte;	ROC,	receiver-	operating	characteristic.
p- value <0.05 marked in bold font shows statistical significance.

F I G U R E  3 Comparison	of	area	under	the	receiver-	operating	
characteristic	curve	(AUC)	in	different	inflammation-	based	scores.	
NLR-	PLR	score	for	CMV	infection	prediction	yielded	higher	AUC	
values	than	NLR	or	PLR	alone
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COVID- 19 cases as compared to healthy controls.25	NLR	is	consid-
ered independent biomarker for indicating poor clinical outcomes 
in COVID- 19 patients, which may reduce the overall mortality of 
COVID- 19 patients.26 In the present study, a significant difference 
of	the	NLR	was	observed	in	the	CMV	infection	group.	Based	on	the	
dates,	the	NLR	is	a	good	index	for	the	prediction	of	CMV	infection	
with	an	AUC	of	0.729.

Platelets are one of the most prevalent blood component. 
It has been reported that platelet contributed to the innate and 
adaptive immune response in various types of infection.27–	30 In 
CMV infection, platelets were found to interact with neutrophils, 
monocytes, and dendritic cells, suggesting an interaction with the 
immune systems.28	PLR	refers	to	the	platelet-	to-	lymphocyte	ratio	
which is more valuable in predicting various inflammations than 
platelet	or	lymphocyte	counts	alone.	PLR,	as	a	new	inflammatory	
indicator, has been confirmed to be related with tumors, coronary 
heart disease, and connective tissue diseases.31– 33 Furthermore, 
high	 PLR	 levels	 indicate	 poorer	 prognosis	 and	 longer	 hospital	
stay in COVID- 19- positive patients, while patients with severe 
COVID-	19	 infection	have	greater	PLR	 levels	 than	 those	of	non-	
severe COVID- 19 infection.34	In	the	study,	the	PLT	and	PLR	were	
lower in the CMV infection group than the control group. The 
AUC	of	PLR	for	predicting	CMV	infection	is	0.728.	Furthermore,	
we	 found	 that	 the	 value	 of	NLR	 and	 PLR	 combined	was	 better	
able	to	predict	the	CMV	infection	which	had	a	higher	AUC	(0.760)	
than	NLR	or	PLR	alone.

At	present,	the	screening	strategies	for	CMV	all	over	the	world	
include universal screening, targeted screening, and no screening. 
The universal screening for cytomegalovirus (CMV) postnatally 
is encouraging.4,35 However, in China, CMV is not screened now. 
Furthermore,	CMV-	DNA	cannot	be	detected	 in	parts	of	hospitals,	
whereas routine blood test is common, convenient, and inexpensive. 
Compared	with	simple	neutrophils,	lymphocytes,	and	platelets,	NLR	
and	PLR	are	more	stable.	CMV	infection	might	be	considered	for	the	
infants	with	greatly	low	level	of	NLR	and	PLR.

Our study had several limitations that must be considered. First, 
given its retrospective design, the current study was subject to 
possible	selection	bias,	as	well	as	diagnostic	bias.	Second,	the	NLR	
and	 PLR,	 a	marker	 of	 systemic	 inflammation,	 may	 be	 affected	 by	
many conditions, including chronic inflammatory diseases, granu-
locyte colony- stimulating factor administration, and other diseases. 
Therefore, these conditions must be accounted for in clinical prac-
tice. Finally, the present study was conducted at a single institution. 
The performance of multicenter studies of the markers used herein 
would strengthen our conclusions.

5  |  CONCLUSIONS

A	 significantly	 lower	 NLR	 and	 PLR	 were	 observed	 in	 infants	
(<3	months)	with	CMV	infection.	The	NLR/PLR	combined	is	poten-
tially useful as a predictor of CMV infection in infants (<3 months) 

with	an	AUC	of	0.760,	which	might	provide	information	for	the	iden-
tification of CMV infection.
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