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Abstract

Oz

Objective: The aim of this study was to investigate the clinical and labo-
ratory findings of patients diagnosed with acute Epstein-Barr virus (EBV)
infection according to age groups.

Material and Methods: Patients diagnosed with acute EBV infection
were enrolled in this cross-sectional study.

Results: Totally, 894 patients diagnosed as acute EBV infection were in-
cluded in the study. Of them, 540 (60.5%) patients were males (male/fe-
male=1.52). Median age of the patients was four years (57 days-18 years).
Seropositivity rate increased statistically as age increased (47.9%, 73.8%
and 87.2%, respectively). Seventy patients were admitted with clinical
presentation of IM with a median age of seven years (3 years-18 years).
Serum median hemoglobin, leukocyte, thrombocyte, mean platelet val-
ues were statistically signficifantly different according to age groups (for all
p< 0.001). Leukocytosis was more commonly encountered in EBV infect-
ed children <6 years old of age compared to 6-15 years old age and >15
years old of age (29.3%, 17.1% and 7.7%, respectively, p< 0.001). Neutro-
penia was presentin 157 (17.6%) patients. Mean platelet volume (MPV) in-
creased statistically significantly as age increased (p< 0.001). MPV/platelet
ratio increased significantly as age increased (p< 0.001). MPV/platelet ratio
was higher in IM cases. High serum CRP was more common in <6 years
old of age compared to 6-15 years old age and >15 years old of age [304
(49.4%), 204 (33.2%), 107 (17.4%), respectively, p= 0.04].

Conclusion: EBV infection causes different laboratory findings and clini-
cal presentations according to age groups.

Keywords: Epstein-Barr virus infection, age groups, infectious monone-
cleosis, hematological findings, mean platelet volume, MPV/platelet ratio

Giris: Bu calismada akut Epstein-Barr viriis (EBV) ile enfekte hastalarda
yas gruplarina gore klinik ve laboratuvar bulgularinin arastirilmasi amag-
lanmustir.

Gereg ve Yontemler: Bu kesitsel calismaya akut EBV enfeksiyonu tanisi
konan hastalar dahil edilmistir.

Bulgular: Calismaya akut EBV enfeksiyonu tanisi konan, ortanca yasi
dort (57 glin-18 yil) olan 540 (%60.5)"1 erkek (erkek/kadin= 1.52) toplam
894 hasta dahil edilmistir. Seropozitiflik orani, yas artik¢a istatistiksel an-
lamli olarak artmistir (%47.9; %73.8 ve %87.2). Ortanca yas! yedi (3-18
yas) olan toplam 70 hasta enfeksiyéz mononiikleoz klinigi ile basvur-
mustur. Yas gruplarina gore serum ortanca hemaoglobin, 16kosit, trom-
bosit, ortalama platelet hacmi degerleri anlamli sekilde farkh bulunmus-
tur (p< 0.001). Lokositoz <6 yas olan hastalarda, 6-15 yas arasi olanlara
ve >15 yas olanlara gére anlamli sekilde daha sik saptanmistir (%29.3
versus %17.1 ve %7.7 p< 0.001). Notropeni 157 (%17.6) hastada saptan-
mistir. Yasla beraber ortalama platelet hacmi anlamli olarak artmistir (p<
0.001). MPV/platelet orani yas artikca anlamli olarak artmistir (p< 0.001).
MPV/platelet orani enfeksiydz mononiikleoz klinigi olan hastalarda daha
yliksek bulunmustur. Serum C-reaktif protein ylksekligi <6 yas hastalar-
da, 6-15 yas arasi hastalarda ve >15 yas hastalarda daha sik saptanmistir
[304 (%49.4); 204 (%33.2); 107 (%17.4) p= 0.04].

Sonug: EBV enfeksiyonu yas gruplarina gore farkl klinik tablolara ve la-
boratuvar bulgularina neden olmaktadir.

Anahtar Kelimeler: Epstein-Barr virlis enfeksiyonu, enfeksiyoz
mononikleosis, hematolojik bulgular, ortalama platelet hacmi, MPV/
platelet orani
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Introduction

Epstein-Barr virus (EBV) is an extremely common herpes-
virus that is the etiologic agent of classic infectious mononu-
cleosis (IM). In developing countries, EBV infection generally
occurs at an early age; 80 to 100 percent of children become
infected by the time they reach three to six years of age. In
these settings, most children with primary EBV infection have
clinically silent or mild disease. In privileged communities and
in industrialized countries, primary infection with EBV com-
monly occurs later in life. In these settings and for reasons that
are unclear, primary infection in older age groups, for exam-
ple, in individuals between 10 and 30 years of age, is more
likely to induce clinical symptoms, most often a mononucle-
osis syndrome (1,2).

Young adults who undergo primary infection are more
likely to present with classic findings of IM. Most patients with
IM have leukocytosis with an absolute increase in the num-
ber of peripheral mononuclear cells, heterophile antibodies,
elevated serum aminotransferase levels, atypical lymphocytes
and drug reactions. Mild thrombocytopenia occurs in 25% to
50% of patients and is rarely associated with symptoms. Se-
vere thrombocytopenia rarely occurs. Mild elevation of he-
patic transaminases is seen in approximately 50% of uncom-
plicated cases, but liver involvement is usually asymptomatic
without jaundice (3-6).

Viral-specific diagnosis of EBV-associated primary infec-
tions as IM in immunocompetent individuals (and common-
ly in immunocompromised patients) usually requires three
types of antibody analysis on acute serum: IgG to EB anti-viral
capsid antigen (VCA IgG), IgM to EB VCA (VCA IgM), and IgG to
anti-EBV nuclear antigen (EBNA IgG). Anti-VCA IgM antibody,
however, quickly disappears, and false-positive IgM reactions
occur due to cross-reactivity with other recent infections.
Anti-early antigen (anti-EA) IgG was detected in only 60% of
infants with anti-VCA-IgG seroconversion, and 12% of infants
were found to have anti-EA-IgG delayed by four months. This
variability of serologic findings complicates the diagnosis of
IM, especially in children (8).

C-reactive protein (CRP) is an acute inflammatory protein
that increases up to 1.000-fold at sites of infection or inflam-
mation. CRP is synthesized primarily in liver hepatocytes but
also by smooth muscle cells, macrophages, endothelial cells,
lymphocytes, and adipocytes. C-reactive protein is a marker
forinflammation, and its levels increase during bacterial infec-
tion (10) However, the change in CRP level in viral infections is
obscure (11,12).

The aim of the present study was to describe the clinical
features and laboratory findings as well as CRP levels of chil-
dren with acute EBV infection diagnosis in a pediatric infec-
tious disease ward during an eight-year period.

Materials and Methods

Patients diagnosed with acute EBV infection upon analysis
of serum EBV antibodies between January 2010 and February
2017 at the infectious diseases department of a tertiary refer-
ral hospital were enrolled in this cross-sectional study.

Enrollment Criteria

Among the patients aged 0-17 years with suspected acute
EBV infection based on their symptoms and clinical findings,
patients with anti VCA IgM * EA positive and anti-EBNA IgG
negative with ELISA-test (quantitative microplate ELISA Euro-
immun®) were enrolled in the study. Patients were considered
to have acute/primary EBV infection in the presence of EBV
viral capsid antigen (VCA) IgM positivity while EBV nuclear an-
tigen (EBNA) IgG was negative. Individuals with missing med-
ical records or positive EBNA IgG result were not included in
the study. The diagnosis of IM was based on clinical and sero-
logical findings. The presence of splenomegaly, posterior cer-
vical adenopathy, axillary adenopathy, and inguinal adenopa-
thy and positive serological test results were used to support
the diagnosis of IM (13).

Parameters Reviewed for Patients

The information obtained from the files of patients and
other hospital records were entered into a standard data form
and were encoded and transferred to a computerized setting.
Laboratory tests of the patients were reviewed and recorded,
including their hemoglobin values, leukocyte and thrombo-
cyte counts, peripheral blood smear findings, presence of
Downey cells, mean platelet volume (MPV), acute phase reac-
tants [erythrocyte sedimentation rate (ESR), CRP levels], liver
function test results [serum alanine aminotransferase (ALT)],
aspartate aminotransferase (AST), total bilirubin, alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT), lac-
tate dehydrogenase (LDH)], VCA IgM, VCA IgG, EA and EBNA
IgG tests, any antibody positivity or negativity against cyto-
megalovirus (CMV), rubella and other viruses, throat culture
results. In EBV infected children diagnosed with the support
of clinical and laboratory findings, false positivity of concomi-
tantly sent other viral serological results were recorded.

Statistical Analysis

Statistical analysis was performed using SPSS version 15.0
(IBM SPSS, Chicago, lllinois). Quantitative data were shown as
mean = standard deviation (SD) or median with interquartile
ranges (Q1-Q3). Qualitative variables were expressed as abso-
lute and relative frequencies. Chi-square, with Fisher’s exact
correction where required for discrete variables, and Student’s
t-test for parametric and Wilcoxon rank sum test for non-par-
ametric continuous variables were used. Significance was set
at p< 0.05.
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Results

Totally, 6538 EBV serological and/or microbiological test
results were analyzed. Between January 2010 and February
2017, 894 patients were diagnosed as acute EBV infection and
included into the study (Figure 1).

Of them, 541 (60.5%) patients were males (male/female=
1.52). Median age of the patients was four years (57 days-18
years). Majority of EBV infected children were under six years
old of age (n= 518, 57.9%), followed by 228 (25.5%) children

between 6-15 years old of age and 148 (16.6%) children above
15 years old of age. Most of the EBV infected cases were in
winter and early spring months (Figure 2). The most common
symptom of the patients on admission was fever (n= 222,
24.8%). Other frequent symptoms were as follows: sore throat
(n=194, 21.7%), neck swelling (n= 68, 7.6%), rash (n= 54, 6%),
respiratory symptoms (n= 23, 2.6%), abdominal pain (n= 17,
1.9%) and diarrhea (n= 5, 0.6%) (Table 1). History of fever for
longer than five days was present in 118 (13.2%) patients.
Prolonged fever was statistically more common in children

results were analysed

Totally 6538 EBV serological and/or microbiological test

in the smdy

894 patients diagnosed as acute EBV infection and inchided

518 parients < 6 yvears old
of age

228 patients between 6-15
years old of age

148 parients = 15 yvears
old of age

1 patients with diagnosis
of infectious
mononucleosis

46 patients with diagnosis 23 patients with diagnosis
of infectious
mononucleosis

P
of infectious
mononucleosis

Figure 1. Flow chart of the cases according to age groups.
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Figure 2. EBV antibody seropositivity rates according to age groups.
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Table 1. Sociodemographic variables and clinical presentations of
EBV infected children

Variable n=894
Age* Four years (57 days-17 years)
Sex**
Female 75 (39.5)
Male 541 (60.5)
Clinical symptoms**
Fever 222 (24.8)
Sore throat 194 (21.7)
Neck swelling 68 (7.6)
Rash 54 (6)
Respiratory symptoms 23(26)
Abdominal pain 17 (1.9)
Diarrhea 5(0.6)
* median (Minimum-maximum).
**n (%).

<6 years old of age (n= 78, %66.1, p= 0.045). Seropositivity
rate increased statistically as age increased (47.9%, 73.8% and
87.2%, respectively). Seventy patients were admitted with
clinical presentation of IM with a median age of seven years
(3 years-18 years). Majority of the children with IM clinical
presentation was above six years old of age (98.6%). Rash was
more commonly seen as a presenting sign under six years old
of age (90.6%).

Serum median hemoglobin, leukocyte, thrombocyte,
mean platelet values were statistically significantly different
according to age groups (for all p< 0.001, Table 2). Leukocyto-
sis was more commonly encountered in EBV infected children
<6 years old of age, compared to 6-15 years old age and >15
years old of age (29.3% versus 17.1% and 7.7% respectively,
p< 0.001). Neutropenia was present in 157 (17.6%) patients.

Majority of the children with EBV related neutropenia was
under six years old of age (58.7%). Thrombocytopenia was
encountered in 96 (10.7 %) patients. Serum CRP was high in
295 (33.1%) patients. High serum CRP was more common-
ly encountered in EBV infected children <6 years old of age,
compared to 6-15 years old age and >15 years old of age [155
(52.5%), 95 (32.2%), 45(15.3%), respectively, p=0.04].

Sedimentation rate was high in 17.9% of the patients. High
sedimentation rate was more commonly encountered in EBV
infected children between 6-15 years old age, compared to
<6 years old of age and >15 years old of age (41.4%, 39.8%,
36.4%, respectively, p= 0.8). Serum ALT and AST were high
in 170 (19%) and 162 (18.1%) patients, respectively. Serum
lactate dehydrogenase level (LDH) was statistically higher in
children under six years old of age, compared to 6-15 years
old age and >15 years old of age [431 IU/L (28-2450), 414 IU/L
(44-5297),1U/L 321 (51-1820), respectively, p=0.002].

Laboratory findings of EBV infected children according to
age groups are depicted in Table 2 and Figure 2.

Under the study conditions, no co-infections were ob-
served.

Mean platelet volume (MPV) increased statistically sig-
nificantly as age increased (p< 0.001). MPV/platelet ratio in-
creased significantly as age increased (p< 0.001). MPV/platelet
ratio was higher in IM cases, but it was not statistically signifi-
cant. In patients with IM clinical presentation, serum ALT was
statistically significantly higher when compared to patients
without IM clinical presentation (p=0.017).

False positivity of serological tests was encountered in 73
(8.2%) EBV infected cases, mostly with cytomegalovirus sero-
logical tests.

Table 2. Laboratory findings of children with acute Epstein-Barr Virus (EBV) infection according to age groups

Age groups
<6 years 6-15 years >15 years p
Hemoglobin (gr/dL)* 11.6 (6.8-14.6) 12.5(8.5-16.7) 12.4(9.8-15.5) <0.001
Leucocyte (x103/pL)* 1(1.4-345) 109 (1.3-41.5) 88(34-17.1) <0.001
Trombocyte (x103/pL)* 270 (14-596) 247 (83-1.800) 216 (112-322) <0.001
Mean platelet volume (fL)* 5(5.6-14) 7.7 (5.5-10.6) 8.1(6.4-12.1) <0.001
Serum AST (IU/L)* 38 (1-671) 52 (1-365) 60 (2-237) 049
Serum ALT 3(6-910) 43 (8-792) 58 (7-358) 0.12
Serum LDH (IU/L)* 431 (28-2450) 414 (44-5297) 321 (51-1820) 0.002
C-reactive protein (gr/dL)* 1.21 (0-30) 1(0.1-38) 0.65(0.12-9.1) 0.95
Sedimentation (mm/hour)* 17 (2-86) 15 (2-86) 13 (2-55) 045

*median (Minimum-maximum)

AST: Aspartate aminotransferase, ALT:Alanine aminotransferase, LDH: Lactate dehydrogenase.
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Discussion

Herein, we analyzed laboratory parameters and clini-
cal presentations of EBV infected patients according to age
groups. Majority of acute EBV infected children were under six
years old of age. In a study conducted in primary EBV infected
103 children, with a median age of seven years (3-12.5 years),
authors have concluded that primary infection by EBV main-
ly occurs in younger children, with a predominance of oligo-
symptomatic presentations, similar to our findings (12).

EBV seropositivity rate was 87.9% after 15 years old age.
From two recent studies of EBV seroprevalence in children and
teenagers in the U.S. ranging from 6 to 19 years old conduct-
ed by the National Health and Nutrition Examination Surveys
(NHANES), authors have concluded that the seroprevalence of
six to eight-year-olds during 2009-2010 was 50% and 54.1%,
and in 18 and 19-year olds, the seroprevalence was 82.9 and
89%, respectively, similar to our results (14,15)

Prolonged fever and rash were more commonly seen as
presenting signs under six years old of age in our study pop-
ulation. In a study from Spain, the most common symptoms
have been reported as fever, lymphadenopathy and exudative
tonsillitis. In that study, almost two-thirds of the patients pre-
sented with typical clinical signs of mononucleosis syndrome
(12). Our results showed that only 7.8% of the patients were
diagnosed as IM. This low rate may be attributable to the ret-
rospective nature of the study in which we focused on labora-
tory results. Majority of the children with IM clinical presenta-
tion was above six years old of age. In industrialized countries,
EBV-associated IM is considered to occur most often in ado-
lescents and young adults while younger children are often
described with a mild subclinical primary EBV infection. In a
study conducted in 95 children divided into three age groups
(0-4 years, 5-10 years and 11-15 years), similar to our study,
authors have concluded that the oldest age groups signif-
icantly more frequently suffered from headache, tonsillitis,
sore throat, abdominal pain and nausea. Young children were
typically found to present with a runny nose, fever, fatigue and
cervical adenitis (16).

Laboratory findings can be encountered in a wide varie-
ty. Leukocytosis and lymphocytosis are the most frequent
EBV associated laboratory findings, and these findings can
change according to age groups (16). In our results, serum
median hemoglobin, leukocyte, thrombocyte, mean platelet
values were statistically significantly different between the
age groups. Leukocytosis was more commonly encountered
in EBV infected children <6 years old of age, compared to 6-15
years old age and >15 years old of age. In a study conducted
in 89 EBV infected children, it has been concluded that 32 pa-
tients (36.0%) showed high peripheral blood leukocytes, and

the highest incidence was seen in the age group of 0-4 years,
similar to our findings (17).

In our results, MPV increased as age increased. MPV mainly
reflects proliferation, metabolism and platelet production of
megakaryocytes in the bone marrow. In addition, it reflects
the survival time of platelets in the circulation. When the func-
tion of myeloproliferation is normal, the decrease in the num-
ber of platelets stimulates the production of large-volume
platelets by megakaryocytes, resulting in an increase in MPV.
In our results, mean platelet volume and MPV/platelet ratio in-
creased significantly as age increased (p< 0.001). MPV/platelet
ratio was higher in IM cases but not statistically significant. In
a study conducted in 141 children with EBV related IM clinical
presentation, authors have concluded that MPV/PLT ratio may
be a novel diagnostic indicator for pediatric IM (18).

Serum LDH was statistically higher in children under six
years old of age compared to 6-15 years old age and >15 years
old of age. In patients with IM, serum ALT was statistically sig-
nificantly higher. In a study conducted in 110 acutely EBV in-
fected children, serum LDH was elevated in children between
5-15 years old of age (16).

Interesting finding of our study concluded that serum CRP
was high in one third of the patients. There are limited num-
ber of studies regarding CRP level and acute EBV infection. In
a study conducted in 200 adolescents, CRP has been found
to correlate to chronic fatigue syndrome after EBV infection
(19). CRP is mainly synthesized by the liver and is regulated
by pro-inflammatory cytokines, primarily tumor necrosis fac-
tor alpha, and interleukin. In healthy individuals, CRP is found
in trace amounts with a median plasma concentration of
0.8 mg/L, while CRP values rise sharply up to 1.000-fold after
an inflammatory stimulus. CRP remains stable over prolonged
time periods and has a half-life of 19-20 hours (20). Although
CRP was thought as a marker of bacterial infection, CRP has
been found to be a predictor of respiratory failure in COVID-19
patients in some studies (21). In other studies, increased lev-
els of CRP have been found in patients infected with the most
virulent types of influenza A virus. Thus, human influenza dis-
ease outcome has been associated with enhanced production
of CRP, with the highest CRP levels correlating with the more
severe symptoms and even mortality (22). In another study,
higher values of CRP were found in exanthematic virus infec-
tion compared to respiratory virus infection (11).

Our study had some limitations due to its retrospective de-
sign. The data of the study was obtained from files and com-
puter records of our hospital, and therefore some of the data
may not be available. In addition, we had no data available
for longer follow-up to have an opinion about the long term
complications of EBV.
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The present study demonstrates that acute EBV infection
results in different clinical presentations and different labora-
tory findings in different age groups and can cause IM clinical
presentation even in the preschool period. Serum CRP may be
high in children mostly under six years old. This study shows
that CRP values do not discriminate every viral and bacterial
infections. More studies are needed to explain pathogenesis
of serum CRP values in EBV infected children.
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