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Introduction
Diarrhea is the major leading cause of death 

among children younger than 5-year old worldwide (1). 
Rotavirus (RV) is one of the most common causes of 
acute gastroenteritis (AGE) in childhood and the leading 
worldwide cause of acute diarrhea-related death in 
children under the age of five (2,3). RV-associated annual 
morbidity rates among children under five years of age 
ranged from 0 to 112/100,000 with an average mortality 
rate of 39/10,000 per year in The Eastern Mediterranean 

region, as defined by the World Health Organization 
(WHO-EMRO region) (4). Deaths from rotavirus infection 
(RI) still continue despite efforts to make better hygiene 
conditions, widespread vaccination, and improvements in 
treatments (5,6).

Rotaviruses belong to the Reovirus family, usually, type 
A RV is responsible for infections in children. Apart from 
RV, the other most common causes of AGE in childhood 
are Noroviruses, enteric types of the adenovirus, and 
astroviruses (7). The diagnosis of RI depends on the 
detection of RV antigen in stool by serological methods. 

Aim: Routine blood parameters are widely used to detect of infectious diseases. Our study aimed to investigate the hematological 
parameters changes in rotavirus (RV) acute gastroenteritis and to evaluate the value of these parameters in children.

Methods: In our study, the hematological data of patients diagnosed with RV-positive acute gastroenteritis (RPAGE) and RV-negative 
acute gastroenteritis (RNAGE) were analyzed between 2015-2020. In addition to the data automatically measured by complete blood 
count, lymphocyte/monocyte ratio (LMR), neutrophil/lymphocyte ratio (NLR), mean platelet volume/platelet ratio (MPVPR) were 
calculated. All cases were evaluated in three different age groups (<1-year-old, 1-to 5-year-old, and >5-year-old).

Results: The present study included 2,144 patients (340 children with RPAGE, 1,804 children with RNAGE). Red blood cell count, 
hemoglobin, and hematocrit were higher in cases over 1 year of age with RPAGE. The MPVPR was lower in all age groups with RPAGE. 
The cut-off values of MPVPR for predicting Rotavirus infection (RI) were 0.023 (<1-year-old group), 0.026 (1-to 5-year-old group), and 
0.032 (>5-year-old group). The LMR was lower and NLR was higher in cases over 1 year of age with RPAGE. The cut-off value of LMR 
for predicting RI were 1.99 (1-to 5-year-old group) and 0.96 (>5-year-old group). The cut-off value of NLR for predicting RI were 1.41 
(1-to 5-year-old group), and 3.79 (>5-year-old group).

Conclusion: The low MPVPR can be used as a hematological biomarker for the identification of RPAGE cases in all age groups. Low 
LMR and high NLR can indicate RPAGE cases in over 1 year of age.
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However, these tests can often be time-consuming, 
sometimes expensive and inaccessible. Routine complete 
blood count (CBC) test is performed in pediatric patients, 
especially in many febrile diseases, because of its easy 
availability and cheaper.

In recent years, in addition to routine CBC parameters, 
new hematological markers such as lymphocyte/monocyte 
ratio (LMR), neutrophil/lymphocyte ratio (NLR), mean 
platelet volume/platelet ratio (MPVPR) have been used in 
inflammation (8,9).

This study aimed to evaluate the routine blood 
parameters in children with AGE and investigate the 
easily accessible new hematological markers to use in the 
differential diagnosis of RI.

Methods

Study Design

The present study was approved by the Local Ethics 
Committee of Medipol University Hospital (approval no: 
957/2020) and designed as a cross-sectional study which 
is one of the types of observational studies. Children with 
AGE aged 0 to 16 years who presented at the department 
of pediatrics from January 2015 to December 2020 were 
included in this study. Medical information for demographic 
data and laboratory parameters were extracted from 
patient files. 

During the study period, RV antigen test was performed 
in 5,134 children with gastrointestinal complaints and in 
831 of these patients (16.2%) RV antigen was detected 
in the stool. In the present study, 340 children with RV-
positive acute gastroenteritis (RPAGE), 1,804 children with 
RV-negative acute gastroenteritis (RNAGE) were included. 
The patients without hematological data were excluded 

from the study (n=2,990) (Figure 1). All children were 
evaluated in three different age groups: the <1-year old 
group, the 1-to 5-year-old group and the >5-year-old group. 
Informed consent has been received.

Laboratory Assessments

Routine CBC analysis was performed from venous 
whole blood samples with EDTA taken from patients 
(Sysmex XN-1000, Sysmex R&D Center Europe GmbH, 
Germany). In addition to the routine hematological 
parameters measured with the device, LMR, NLR and 
MPVPR were calculated. The diagnosis of RI was made by 
examining RV antigen in fresh stool samples (NADAL RV 
test, Germany). 

Statistical Analysis

SPSS 16.0 software was used for statistical analysis. 
Among the continuous variables, data conforming to 
the normal distribution were expressed as mean ± 
standard deviation. Categorical variables were specified as 
frequency. Comparisons of groups of continuous variables 
were made by t-test. ANOVA test was used to analyze 
the differences between groups. Pearson test was used 
for the analysis of categorical variables. Receiver operating 
characteristic analysis was performed to evaluate the 
diagnostic value of LMR, NLR and MPVPR in RI. p<0.05 
was considered statistically significant. 

Results 
There was no statistically significant difference in terms 

of demographical data between RPAGE and RNAGE cases 
(p>0.05) (Table 1).

In the <1-year-old group, except MPVPR, the red blood 
cell count (RBC), hemoglobin level, hematocrit level, mean 
corpuscular volume (MCV), white blood cell count (WBC), 
neutrophil count, lymphocyte count, monocyte count, 

Figure 1. Enrollment algorithm of patients

Table 1. Demographical characteristics of study groups 

RPAGE
(n=340)

RNAGE
(n=1804) p

<1 year old

Male 47 295
0.46Female 32 213

Mean age 
(month)

0.6±0.3 0.6±0.4 0.81

1-5 years old

Male 123 563
0.09Female 89 386

Mean age 
(year)

2.3±1.5 2.5±1.6 0.75

>5 years old

Male 21 201
0.52Female 28 146

Mean age 
(year)

9.2±2.7 10.6±3.0 0.08

RPAGE: Rotavirus-positive acute gastroenteritis, RNAGE: Rotavirus-negative acute 
gastroenteritis
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platelet count, MPV, LMR, and NLR were well matched 
between study groups (Table 2). In the <1-year-old group 
RPAGE cases; the cut-off value of MPVPR was 0.023, 
the area under the curve (AUC) was 0.44 (0.37-0.51), 
sensitivity and specificity were 60% and 32%, respectively. 
There was no difference between LMR and NLR rates in 
this age group (Figure 2 A). 

In the 1-to 5-year-old group, while the RBC, hemoglobin 
level and hematocrit level were statistically significantly 
higher in RPAGE cases, MCV was low. The WBC, monocyte 
count and platelet count were similar between RPAGE 
and RNAGE cases. While the neutrophil count and NLR 
were statistically significantly higher in RPAGE cases, MPV, 
LMR, and MPVPR were low (Table 3). In the 1-to 5-year-old 
group RPAGE cases; the cut-off value of MPVPR was 0.026, 
AUC was 0.42 (0.38-0.46), sensitivity and specificity were 

62% and 32%, respectively. The cut-off value of LMR was 
1.99, AUC was 0.37 (0.32-0.41), sensitivity and specificity 
were 55% and 26%, respectively, and the cut-off value of 
NLR was 1.41, AUC was 0.61 (0.56-0.65), sensitivity and 
specificity were 70% and 40%, respectively, in this age 
group with RPAGE (Figure 2 B). 

In the >5-year-old group, the RBC, hemoglobin level, 
and hematocrit level were statistically significantly higher 
in RPAGE cases. There was no statistically significant 
difference among the WBC, monocyte count, platelet 
count, MPV, and MCV between RPAGE and RNAGE cases. 
While the neutrophil count and NLR were statistically 
significantly higher in RPAGE cases, LMR and MPVPR were 
low (Table 4). In the >5-year-old group RPAGE cases; the 
cut-off value of MPVPR was 0.032, AUC was 0.41 (0.33-
0.49), sensitivity and specificity were 64% and 30%, 
respectively. The cut-off value of LMR was 0.96, AUC was 
0.29 (0.22-0.36), sensitivity and specificity were 69% and 
26%, respectively, and the cut-off value of NLR was 3.79, 
AUC was 0.69 (0.61-0.76), sensitivity and specificity were 
81% and 53%, respectively, in this age group with RPAGE 
(Figure 2 C).

Discussion
It may not always be possible to reach specific 

serological detection tests used in the diagnosis of RI. 
The use of more accessible and cheaper hematological 
parameters may provide advantages in the identification 

Figure 2. ROC curves of LMR, NLR, and MPVPR values in patients 
with RPAGE A. <1-year-old group, B. 1-to 5- year-old group, C. 
>5-year-old group
ROC: Receiver operating characteristic, LMR: Lymphocyte/
monocyte ratio, NLR: Neutrophil/lymphocyte ratio, MPVPR: 
Mean platelet volume/platelet ratio, RPAGE: Rotavirus positive 
acute gastroenteritis

Table 2. Hematological parameters of the <1-year-old group

RPAGE
(n=79)

RNAGE 
(n=508) p

RBC (10¹²/L) 4.39±0.73 4.25±0.71 0.13

Hemoglobin (g/dL) 11.48±2.21 11.39±2.27 0.73

Hematocrit (%) 33.92±6.01 33.44±6.32 0.50

MCV (fL) 78.22±11.65 79.13±10.16 0.91

WBC (109/L) 11.51±5.89 12.20±6.27 0.34

Neutrophil (109/L) 4.80±3.62 5.08±4.26 0.54

Lymphocyte (109/L) 4.70±2.82 5.27±2.95 0.10

Monocyte (109/L) 1.35±0.79 1.44±0.94 0.37

Platelet (109/L) 391.25±151.42 368.76±145.06 0.22

MPV (fL) 9.60±0.67 9.74±0.92 0.12

Lymphocyte/
monocyte ratio

4.22±3.06 4.66±3.68 0.25

Neutrophil/
lymphocyte ratio

1.70±1.90 1.52±3.12 0.50

MPV/platelet ratio 0.028±0.014 0.032±0.026 0.04#
#The RPAGE group was compared with the RNAGE group (t-test)
RPAGE: Rotavirus-positive acute gastroenteritis, RNAGE: Rotavirus-negative acute 
gastroenteritis, MPV: Mean platelet volume, MCV: Mean corpuscular volume, 
WBC: White blood cell, RBC: Red blood cell)

Table 3. Hematological parameters of the 1-to 5-year-old group

RPAGE 
(n=212)

RNAGE 
(n=949) p

RBC (10¹²/L) 4.72±0.42 4.50±0.67 0.001#

Hemoglobin (g/dL) 11.82±1.01 11.56±1.56 0.02#

Hematocrit (%) 34.64±2.69 33.84±4.28 0.01#

MCV (fL) 73.58±4.77 75.68±6.47 0.001#

WBC (109/L) 10.67±4.52 10.76±8.61 0.83

Neutrophil (109/L) 6.96±4.34 6.07±4.39 0.007#

Lymphocyte (109/L) 2.61±1.97 3.18±2.06 0.001#

Monocyte (109/L) 1.05±0.44 1.06±1.54 0.80

Platelet (109/L) 331.57±101.28 300.49±125.83 0.22

MPV (fL) 9.21±0.75 9.35±0.95 0.01#

Lymphocyte/
monocyte ratio

2.75±2.23 3.96±5.02 0.001#

Neutrophil/
lymphocyte ratio

5.03±5.93 2.89±3.64 0.002#

MPV/platelet ratio 0.031±0.016 0.042±0.052 0.001#

#The RPAGE group was compared with the RNAGE group (t-test)
RPAGE: Rotavirus-positive acute gastroenteritis, RNAGE: Rotavirus-negative acute 
gastroenteritis, MPV: Mean platelet volume, MCV: Mean corpuscular volume, 
WBC: White blood cell, RBC: Red blood cell
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of RI. Many studies show that NLR, LMR, and platelet/
lymphocyte ratios are used in the evaluation of morbidity 
and mortality in critical diseases due to bacterial, viral 
infections, and sepsis were evaluated in a meta-analysis 
and the importance of these new markers was emphasized 
(10). There are also studies supporting the use of these 
markers in cancer patients and coronary diseases (11,12).

It is known that lymphopenia can be a good predictor 
of bacterial infections, and both lymphocyte and neutrophil 
count should be considered rather than WBC in adult 
patients with suspected bacteremia (13). Monocytes, an 
essential component of peripheral blood, are considered an 
indicator of systemic inflammation (14). The lymphocyte/
monocyte ratio, a new inflammatory biomarker, is more 
sensitive in showing the balance between lymphocytes 
and monocytes (15). While the ratio of lymphocytes, 
which play a critical role in destroying viruses, is expected 
to increase in traditional viral infections, the opposite 
may occur in some viral diseases (16,17). Also, leukocyte 
subgroups in peripheral blood in infections may show age-
related variability (10).

Proinflammatory cytokines cause an increase in 
cytoplasm volume of platelet cells in patients with the 
inflammatory condition. But these large platelet cells 
rapidly migrate to the site of inflammation where they 
undergo activation, and MPV may drop in proceeding 
inflammation (18,19). There are data in the literature 
about changes of platelets and MPV in inflammatory 
processes and neoplastic diseases and its possible role as 
a biomarker (20,21).

In childhood, the platelet count and MPV have been 
recognized as a hematological marker, and their roles 
were demonstrated in various conditions such as severe 
sepsis in children (22), patent ductus arteriosus in preterm 
infants (23), and sepsis in very low birth weight neonates 
(24). Some studies evaluated the prognostic value of NLR 
(25) and LMR (26) in retinopathy of prematurity. Most of 
these studies conducted <1-year-old age belong to the 
neonatal period. The <1-year-old subgroup in our study 
has a large number of cases that examined the entire 
0-12-month period.

Children less than 1-year-old are at high risk for both 
developing RI and complications (27). The use of easily 
accessible new hematological parameters in the differential 
diagnosis of RI becomes more valuable in this age group. 

Fei et al. (16) reported that high MPVPR can be used 
as an indicator in patients <6 years of age with influenza 
A infection. In another study, it was found that the 
lymphocyte count, platelet count, and LMR were lower, 
the NLR and MPVPR were higher in children with influenza 
infection (28). In the study of Mete et al. (20) a constant 
decrease in MPV was found in RPAGE and RNAGE cases 
compared to the healthy control group, and it was stated 
that MPV acted as a negative acute phase reactant. In our 
study, MPV was low only in the 1-to 5-year-old group with 
RPAGE. Besides, MPVPR was statistically significantly lower 
in RPAG cases in all age groups.

A study in RPAGE patients less than five years of age 
found a decrease in the lymphocyte count and MPV, an 
increase in the neutrophil count and monocyte count. In 
the same study, it was stated that low LMR and high NLR 
could indicate RI in children with AGE (29). In another study 
conducted in a group of pediatric patients <36 months old, 
an increase in NLR was found in acute pyelonephritis cases 
together with other acute phase reactants (30). In our 
study, MPV was similarly low in the 1-to 5-year-old group 
RPAGE cases, but it was not observed any difference in the 
<1-year old group or the >5-year-old group RPAGE cases.

In the present study, the neutrophil count and NLR 
were higher, while the lymphocyte count and LMR were 
lower in patients with RPAGE over 1 year of age. 

Study Limitations

Our present study has some limitations. It could 
not be reached enough data to determine the clinical 
severity of gastroenteritis in patients. RNAGE cases have 
not been differentially diagnosed with other infectious 
agents. It should be noted that these limitations arise 
due to the retrospective nature of our study. Despite all 
these limitations, it is thought that our study will make 
important contributions to the literature as it provides 

Table 4. Hematological parameters of the >5-year-old group

RPAGE
(n=49)

RNAGE 
(n=347) p

RBC (10¹²/L) 4.86±0.65 4.28±0.97 0.005#

Hemoglobin (g/dL) 13.17±1.46 11.70±2.28 0.001#

Hematocrit (%) 38.06±3.75 34.23±6.38 0.001#

MCV (fL) 78.94±7.43 81.18±8.66 0.07

WBC (109/L) 10.17±4.72 9.69±12.39 0.63

Neutrophil (109/L) 8.33±4.36 6.18±4.86 0.004#

Lymphocyte (109/L) 1.14±0.54 1.78±1.86 0.02#

Monocyte (109/L) 0.87±0.32 0.80±0.61 0.22

Platelet (109/L) 256.44±95.63 230.92±177.80 0.15

MPV (fL) 9.68±0.66 9.85±1.09 0.15

Lymphocyte/monocyte 
ratio

1.40±0.70# 3.37±5.17 0.001#

Neutrophil/lymphocyte 
ratio

9.40±6.93# 6.07±8.01 0.005#

MPV/platelet ratio 0.041±0.019# 0.079±0.102 0.001#

#The RPAGE group was compared with the RNAGE group (t-test)
RPAGE: Rotavirus-positive acute gastroenteritis, RNAGE: Rotavirus-negative acute 
gastroenteritis, MPV: Mean platelet volume, MCV: Mean corpuscular volume, 
WBC: White blood cell, RBC: Red blood cell
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the opportunity to evaluate a large number of patients in 
different age groups separately.

Conclusion
New hematological parameters may potentially useful 

for the identification of RI in childhood. The present study 
emphasized that low MPVPR can be used as a biomarker 
in the differential diagnosis of RI in all age groups. It was 
shown that low LMR and high NLR had a predictive value 
for RI in children older than one year of age, but further 
studies are needed for children the <1-year-old. 
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