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n INTRODUCTION

Diarrheal disorders in children account for
a large proportion (18%) of childhood
deaths, with an estimated 1.5 million

deaths per year globally, making it the second
most common cause of child deaths worldwide.
The World Health Organization and UNICEF
estimate that almost 2.5 billion episodes of
diarrhea occur annually in children under 5
years age in developing countries, with more
than 80% of the episodes occurring in Africa
and South Asia (46% and 38%, respectively) [1].
The etiology and clinical course may vary de-
pending on age, season and demographics. In
developing countries, the morbidity and morta-
lity associated with acute infectious diarrhea is
higher in children under 5 years of age [1]. Acu-
te gastroenteritis is caused by viruses, bacteria,
and protozoa [1, 2]. Viruses affect all age grou-
ps, can cause sporadic or endemic infections,
and are responsible for most of acute gastroen-
teritis of undetermined etiology [1]. Norovirus
is one of the leading cause of acute gastroente-
ritis in infants, children and adults [3]. Viral ga-
stroenteritis usually occurs in cold and rainy

months worldwide, with transmission being
mainly through the fecal-oral route [1-3]. The
epidemiology of norovirus patients in Turkey is
not well known because of laboratory limita-
tions and underreporting. This study was un-
dertaken between January 2009 and January
2010 at Yeditepe University Hospital, in Istan-
bul, Turkey.
Phylogenetically, genus norovirus is classified
in Caliciviridae and includes at least five geno-
groups (GI, GII, GIII, GIV, GV) with extensive
genetic diversity [4, 5]. Norovirus GI, GII and
GIV may cause infections in human hosts [6].
Most of the infections due to norovirus is cau-
sed by strains in GII (range 75%-100%) and GI
[7].Especially strains in GII.4 genotype have hi-
gh pandemic potential due to their antigenic
variation [8, 9].
The diagnosis of norovirus is possible by anti-
gen detection with different methods. Immuno-
chromatography is a reliable tool for the detec-
tion of norovirus [10, 11]. Polymerase chain
reaction (PCR) is increasingly used to detect ge-
netic material and genogroups of enteric viruses
[12]. Mostly used basic, rapid and cheap dia-
gnostic methods for the detection with high sen-
sitivity and specificity on the norovirus antigen
are enzyme immunoassay (ELISA) and immu-
nochromatography. However, compared to an-
tigen tests, molecular techniques are more sensi-
tive, more expensive and time consuming [12]. 
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The objective of this study was to determine the
incidence, seasonal distribution and clinical
characteristics of norovirus in children with
acute gastroenteritis and to analyze the
genogroups of norovirus.

n MATERIALS AND METHODS

Study design
The patients with acute gastroenteritis who we-
re admitted to the pediatric emergency, pedia-
tric wards and outpatient clinics of Yeditepe
University Hospital in 2009 were evaluated re-
trospectively. All patients aged 3 months - 16
years, with norovirus infection confirmed by
immunochromatography and/or multiplex
PCR, and with neither concomitant diseases
nor underlying disorders were eligible for in-
clusion. Patients with mixed intestinal infec-
tions with bacteria or parasites, concomitant di-
seases (e.g., bronchiolitis, acute upper and
lower respiratory tract infections, or urinary
tract infection), or any other underlying disor-
ders were excluded. The demographical cha-
racteristics, clinical signs, laboratory findings
and symptoms, including vomiting, diarrhea,
fever, dehydration and malaise of patients with
norovirus were evaluated in this study. Patients
in whom coinfection was detected and whose
clinical and/or treatment findings were not ob-
tained from medical records were excluded
from clinical analysis. Unmeasurable or poorly-
defined symptoms in young children (e.g., ab-
dominal pain, headache, myalgia, nausea) were
not evaluated. 
Acute diarrhea was defined as at least 3 looser
stools within a 24-hour period or an episode of
forceful vomiting with any loose stools lasting
less than 14 days. Diarrhea lasting more than 2
weeks or history of noninfectious gastrointesti-
nal disease were accepted as exclusion criteria.
Fresh stool samples were used to detect the
agent. The timing of laboratory samples with
more than 1 hour was excluded. The samples
were transferred to the microbiology laboratory
within 10 minutes. Microscopic examination of
stools and viral antigen tests were carried out
within an hour. Stool samples were stored at 
-20°C in microbiology laboratory. Enteric viru-
ses, including norovirus, were studied with the
immunochromatographic assay method (Rida
Quick norovirus, r-biopharm, Germany). All
patients were tested also for bacteria and para-
sites to detect coinfections. Stool samples were

delivered at the Yeditepe University Medical
Microbiology Laboratory under convenient
conditions to be evaluated. Enteric viruses
(adenovirus, norovirus, and rotavirus), stool
microscopy, and culture were tested routinely
in patients with acute diarrhea.
The demographical and clinical data were ob-
tained from hospital medical records. Seasonal
divergence within a year and quantitative di-
stribution were analysed. Norovirus infections
were set for age groups as first 2 years, 2-5
years, and older than 5 years. Norovirus was
examined in 520 stool samples. Symptoms, cli-
nical characteristics, treatment methods and la-
boratory findings were evaluated in patients
who had positive results only for this virus. 
In our study some randomly selected subsets of
antigen positive samples (n = 28) were analy-
zed for genogroups (i.e., genogroup I or geno-
group II) with the multiplex-PCR method using
the Seeplex Diarrhea ACE Detection kit (Seege-
ne, Korea). Norovirus genogroup II was detec-
ted in 100% (28/28) of the samples.

Statistical analysis 
The statistical analysis was made using the
SPSS programme version 18 (SPSS, Chicago,
IL). For the comparison of seasonal distribu-
tion, clinical manifestations, and laboratory re-
sults among patients, we divided subjects into
two subgroups according to the year. The re-
sults were analysed using Student t test, with
chi-square tests for group comparison. The re-
sults were presented as values with or without
percentage. Data were considered as statistical-
ly significant if p<0.05.

n RESULTS

A total of 520 patients (mean age 30.4 months)
were enrolled in the study. Norovirus was de-
tected in 50 (9.6%) samples out of 520, in chil-
dren under 17 years of age who had been ad-
mitted with acute gastroenteritis. Incidence of
norovirus in patients 3-24 months of age was
13.7%. Analysis of the dataset according to age
groups shows that norovirus was mostly de-
tected in the first 24 months (50% of all patients)
(p<0.05). The age distribution for norovirus
positive patients was 50% (n=25) for patients
under 24 months and 38% (n=19) in those un-
der 5 years. The age distribution of the patients
is shown in Table 1.
Coinfections were present in 4 patients (0.8%).
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There was virus-virus coinfection in 4 patients.
In 3 patients norovirus and adenovirus, and in
1 patient norovirus and rotavirus were found
together as a coinfection (Table 1). These agents
were diagnosed by immunochromatography.
Norovirus was most frequently seen in Fe-
bruary, May, July and September, while it was
not detected at all in October and it was rarely
seen on other months (Figure 1).

Clinical characteristics of norovirus infection
were analyzed in the 44 patients positive only
for norovirus (Table 2). In six patients, clinical
findings were not analysed due to coinfections
(n = 4) and lack of medical records (n = 2). In the
clinical presentation of infection, all patients
with norovirus presented acute diarrhea, while
vomiting was seen in 42/44 (95.5%) patients.
Other symptoms and clinical findings were re-

Table 1 - Distribution of norovirus according to age groups.

Age groups No. pts investigated Patients positive Coinfections
for norovirus for norovirus N 

(% of all investigated patients)

0-5 years: 412 44 (10.7%) 3§

0-24 months 189 25 (13.2%)* 3
25-60 months 223 19 (8.5%) 0

6-16 years 108 6 (5.5%) 1#

Total 520 50 (9.6%) 4
§(norovirus + adenovirus); #(norovirus + rotavirus); *(p<0.05)

Table 2 - Symptoms/clinical findings of patients with norovirus infection (n=44).

Symptoms/clinical N (%) 3-24 months 25-60 months 6-16 years P
findings N N N

Diarrhea 44 (100%) 20 18 6 <0.05

Vomiting 42 (95.5%) 20 17 5 <0.05

Decreased feeding 38 (86.4%) 17 16 5 <0.05

Malaise 37 (84%) 16 16 5 <0.05

Dehydration 26 (59%) 11 11 4 <0.05

Fever (>38°C) 11 (25%) 7 3 1 <0.05

Total 44* 20 18 6 <0.05

*Patients with coinfections and lack of medical records were excluded from clinical analysis.

Figure 1 - Seasonal distribution of
norovirus.
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duced feeding (n =38; 86.4%), malaise (n =37;
84%), mild to severe dehydration (n =26; 59%),
and fever (n =11; 25%) (Table 2). There were no
statistically significant differences for symp-
toms and clinical findings among age groups
(p>0.05).
The laboratory findings were evaluated in va-
rious numbers (range: 13 - 25) of patients. Sodi-
um levels were evaluated in 22 patients, hy-
ponatremia was detected in only one patient
(4.5%). Other electrolyte disorders (i.e. hyper-
natremia, hypokalemia, hyperkalemia, hypoch-
loremia, hyperchloremia) were not detected
any of the patients. Elevated blood urea nitro-
gen (7 patients, 7/19, 36.8%), hyperglycemia (3
patients, 3/13, 23%), leukocytosis (6 patients,
6/22, 27.3%), neutrophilia (13 patients, 13/23,
56.5%), elevated CRP (19 patients, 19/23,
82.6%), elevated (>1015) urine density (23 pa-
tients, 23/25, 92%), and ketonuria (20 patients,
20/25, 80%) were detected in some patients
(Table 3). There were no statistical differences
in the laboratory findings among age groups
(p>0.05). 

Treatment methods are shown in Figure 2. An-
tiemetic drugs and intravenous fluid-electroly-
te theraphy were required in 37 (84%) and 26
(59%) patients, respectively. Some patients
were hospitalized (n =11, 25%). Mean hospital-
ization length was 23.12 (range: 6-42) hours.
Probiotics were used in 41 patients (93.2%).
There were no statistical difference for treat-
ment methods among age groups (p>0.05).

n DISCUSSION

The determination of the etiology of acute ga-
stroenteritis is important for the treatment and
prognosis [1, 13-16]. The detection rate of viru-
ses and knowledge of disease epidemiology im-
proved due to the developments of immunoch-
romatography, enzyme immunoassays and real
time PCR assays for viruses. The detection rate
of norovirus reached between 4.5% and 48.4%,
depending on the methodological differences
and the age of the patients [18]. GI, GII, and
GIV genogroups of norovirus were identified in

Table 3 - Laboratory findings in some patients with norovirus infection.

Laboratory parameters N (%)a Mean ± SD Median Range

Sodium (mg/dL) 22 (4.23%) 138.18±2.60 138 134-143

BUN (mg/dL) 19 (3.65%) 18.73±4.90 18 12-32

Glucose (mg/dL) 13 (2.5%) 96.61±21.17 99 55-125

Neutrophilia (/mm3) 23 (4.4%) 13732±7068.57 12360 600-32410

CRP (mg/L) 23 (4.4%) 8.66±4.82 9.65 0.3-20.15

Urine density 25 (4.8%) 1025.6±5.35 1025 1010-1030
aNumber and percent of investigated patients.

Figure 2 - Treatment methods of
patients with norovirus.
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patients with acute gastroenteritis. Some strains
may have high pandemic potential due to anti-
genic variation; Bull et al. and Lindesmith et al.
documented the high pandemic potential in
GII.4 genotype [8, 9]. In this study, the inciden-
ce of norovirus was 10.7% in patients up to 5
years, and 13.7% up to 24 months of age. Our
results have confirmed that norovirus is one of
the most common viral agent in children (≤5
years) with acute gastroenteritis as shown in
other studies [17, 19-21]. As reported previou-
sly, rotavirus was the most frequently detected
viral agent in children [17, 21-24]. Annual sea-
sonal distribution of enteric viruses varies with
climate worldwide. Norovirus was detected th-
roughout the year, but the rate of isolation was
higher in winter to spring [17, 25, 26]. As this
study noted, norovirus was the most dominant
viral agent in hottest months of the year (July,
August and September).
Clinically, it may be difficult to differentiate vi-
ral gastroenteritis from others, so methods like
electron microscopy, culture or antigen detec-
tion through enzyme immunoassay or latex ag-
glutination and RT-PCR are necessary to con-
firm viral etiology [13, 15, 17, 27, 28]. Electron
microscopy is a fast and reliable technique, but
it is not widely used in practice [28]. RT-PCR is
more sensitive but not rapid method to detect
viruses. Since the total genome of norovirus has
been sequenced, norovirus may be detected by
more sensitive molecular methods such as ne-
sted RT-PCR [29]. This method is more sensiti-
ve than conventional RT-PCR [12]. Norovirus
was detected in 6.3% of fecal samples using ne-
sted RT-PCR [29]. Enzyme immunoassay and
immunochromatography methods are basic
and widely used diagnostic tools for norovirus
antigen detection with high sensitivity and spe-
cificity [10]. The sensitivity and specificity of
ELISA is between 59% and 76.9% and between
73.1% and 85.9%, respectively [11]. Wu et al.
suggest that the incidence of norovirus detec-
tion may be raised when enzyme immunoas-
says are combined with the more sensitive RT-
PCR [30].
Lately immunochromatography method has
gained popularity since the results are readily
available in 5-10 minutes, may be run with
small amount of sample and has high sensitivi-
ty (93-100%) [15, 27]. These tests may be unre-
liable in newborns and patients with un-
derlying intestinal problems because of false
positivity rates [27]. 
It is thought that norovirus is one of the major

pathogens leading to diarrheal outbreaks and
causes symptomatic infections in older children
and adults. However, some studies have de-
monstrated that norovirus also has an impact
on children under 2 years, which is consistent
with the findings of the current study [31]. In
the present study norovirus infections were
mostly seen in patients under two years of age;
other studies showed positivity rates of norovi-
rus infections of 17.3% in Spain, and 14.6% in
Taiwan during the first 5 years [32, 26]. In Tai-
wan, norovirus were more commonly seen at 0-
36 months (84.7%) and 0-24 months (67.4%)
[26]. In our study, among the 50 norovirus-po-
sitive patients, 49% were up to 2 year of age,
and 39.2% were between 2 and 5 years of age. 
Coinfections may also be seen, mostly dual vi-
ral infections rather than bacterial - viral coin-
fections [3, 15, 17, 33]. In our study, the rate of
coinfections (0.8%) was low in comparation to
other studies reported in other European coun-
tries. Our study has shown coinfections of rota-
virus-norovirus, adenovirus-norovirus ga-
stroenteritis. 
Vomiting, diarrhea, abdominal pain, fever, ano-
rexia, malaise, dehydration are the most com-
monly seen symptoms of acute gastroenteritis.
Palumbo et al. have shown that diarrhea (93%)
and vomiting (87%) were the mostly presented
symptoms in patients with acute diarrhea [16].
There were no norovirus positive patients in
their study. Clinical studies have shown that
most patients with norovirus manifested as vo-
miting (94%) and diarrhea (81%). Narkeviciute
et al. have shown that norovirus infection was
presented with more intense vomiting but less
severe diarrhea; patients with norovirus were
presented with vomiting (94%), diarrhea (81%)
and fever (66%) in their research [34]. Vomiting
is the most prominent feature of norovirus in-
fection in several reports [35-38]. Vomiting has
been reported by many authors as a mostly re-
markable feature of norovirus infection [32, 35-
38]. Götz et al. have shown in their study that
40% of patients had vomiting without diarrhea
[38]. Diarrhea was absent in 19% of the patients
according to the reports of Narkeviciute et al.
[34]. In our study, vomiting was described as
the most prominent feature of norovirus infec-
tion. However, only diarrheal patients were
evaluated in our study. For this reason, patients
who had vomiting without diarrhea were not
included in our report. In the clinical presenta-
tion of our patients, diarrhea and vomiting we-
re mostly seen in norovirus gastroenteritis. In
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our clinical observations some patients with
acute gastroenteritis manifested vomiting with
or without diarrhea. To facilitate the diagnosis
of norovirus in patients presenting only vomi-
ting, without diarrhea, norovirus may be detec-
ted in vomit samples using PCR [39]. 
Fever was one of the mostly encountered symp-
toms in acute gastroenteritis including norovi-
rus. However, high fever was reported less
commonly compared to rotavirus gastroenteri-
tis in various studies [26, 32, 34]. Yang et al. re-
ported that patients with norovirus gastroente-
ritis were presented with a low fever, no fever,
and a longer duration of vomiting [26]. Narke-
viciute et al. showed that fever was presented
in 66% of patients with norovirus. Fever was
less common (25%) in our patients compared
with other reports on norovirus infections. In
other reports, fever during norovirus infection
was present in 24% to 48.3% of patients, and
high fever (>38°C) in just 21% of the patients
[34, 36, 38].
Malaise was observed in 84% of our studied pa-
tients. In the study of Palumbo et al. on
diarrhea in children this symptom was obser-
ved in 53.4% but it must be said that no patient
had norovirus infection [16]. 
Dehydration (mild to severe) was diagnosed in
59% of the patients and was low compared to
the study of Narkeviciute et al. (76%); however,
only hospitalized patients were evaluated in
this report [34]. Hospitalization ratio was re-
ported as 14.6% by Yang et al. [26]. In another
report, dehydration was present only in two
patients (6.9%), whereas intravenous fluid-elec-
trolyte therapy was required in 12 patients
(41.4%) because of persistent vomiting [32]. By
contrast, in some studies, due to milder symp-
toms, hospitalization was needed for only 1.4%
of the patients [37]. Intravenous fluids and ho-
spitalization were required in our patients with
moderate and severe dehydration in 59% and
25% of the patients respectively. 
Leukocytosis (27.3%) and neutrophilia (56.5%)
were the most common laboratory findings in
our patients. The differential diagnoses of
leukocytosis involves physiologic responses to
many infections including viruses. Norovirus
infection is a viral disease; however, some stu-
dies demonstrated that mild to moderate eleva-
ted levels of CRP along with leukocytosis and
neutrophilia are noted in patients with norovi-
rus diarrhea [26, 30, 40]. For this reason, leuko-
cytosis and neutrophilia may be related with
vomiting and dehydration.

n CONCLUSION

It is concluded that viruses were the major
pathogens in all age groups. Norovirus is one of
the most important etiologic agents of acute ga-
stroenteritis in Turkish children especially in
first 2 years of age. In 2009, the incidence of no-
rovirus detection was high during late spring,
summer and early autumn, whereas it was rare
in other months and was not detected at all in
October. Like other enteric viruses, diarrhea
and vomiting were the mostly revealed symp-
toms in patients with norovirus. Antiemetic
drugs, intravenous fluid-electrolyte therapy,
and hospitalization in some patients, were re-
quired in norovirus diarrhea. Immunochroma-
tography is a simple and fast test, the viral etio-
logy can be quickly diagnosed with this method
and this may help to predict the clinical course
and avoid antibiotic usage. Molecular tech-
niques (PCR) may enhance overall diagnostic
efficacy for viral and bacterial pathogens, but
this technique is expensive and time-consum-
ing compared to immunochromatography. The
present study suggests that a norovirus vacci-
nation would be desirable as per rotavirus in
order to decrease morbidity and hospitalization
rates.
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In order to determine the incidence, seasonal dis-
tribution and clinical characteristics of norovirus
in children and analyse the genogroups of
norovirus, immunochromatography was used to
detect the virus in stool samples. Randomly select-
ed subsets of samples were analysed for
genogroups with a multiplex polymerase chain re-
action method. Seasonal distribution of norovirus,
symptoms, physical and laboratory findings of pa-
tients and treatment models were evaluated retro-
spectively in 2009. In all, norovirus was examined
in 520 stool samples. 
The infection rate was 9.6% (50/520) among pa-
tients of acute gastroenteritis in 2009. The virus
was mostly detected in the first 24 months of life
(50%). Gastroenteritis with norovirus was most
frequently found in February, May, July and Sep-

tember. The main symptoms were diarrhea (100%)
and vomiting (95.5%). In some patients affected by
norovirus infection higher urine density, ketonuria
and high CRP levels were observed. Antiemetic
drugs and intravenous fluid-electrolyte therapy
were given to 37 (84%) and 26 (59%) of patients, re-
spectively. Hospitalisation was required in 11 pa-
tients (25%). All the randomly selected 28 samples
(100%) had norovirus genogroup II. In conclusion,
norovirus (genogroup II) mostly affected children
in the first two years of life and was more fre-
quently observed in February, May, July and Sep-
tember of 2009. Diarrhea and vomiting were the
most frequent symptoms. Antiemetic drugs, intra-
venous fluid-electrolyte therapy and hospitalisa-
tion were usually required in these patients.

SUMMARY

Il presente studio è stato condotto al fine di determinare
l’incidenza, la distribuzione stagionale e le caratteristi-
che cliniche dell’infezione da norovirus in età infantile e
analizzare i genotitpi virali. La rilevazione di norovirus
nei campioni di feci è stata effettuata mediante immu-
nocromatografia. L’analisi del genotipo virale è stata
realizzata mediante PCR. Complessivamente, la ricerca
del norovirus è stata eseguita in 520 campioni. L’inci-
denza di infezione da norovirus nei bambini affetti da
gastroenterite acuta è risultata nel 2009 pari al 9,6%
(50/520). Il maggior numero di casi (50%) sostenuti da
norovirus è stato osservato in bambini di età inferiore a
24 mesi. I casi di gastroenterite da norovirus sono stati
riscontrati con maggiore frequenza nei mesi di febbraio,
maggio, luglio e settembre. I sintomi principali erano
costituiti da diarrea (100%) e vomito (95%). In taluni

pazienti affetti da infezione da norovirus sono stati os-
servati una maggiore densità delle urine, chetonuria e
livelli elevati di PCR. Farmaci anti-emetici e soluzione
fisiologica per via endovenosa sono stati somministrati
a 37 (84%) e 26 (59%) pazienti, rispetttivamente.
L’ospedalizzaizone si è resa necessaria in 11 pazienti
(25%). Tutti i 28 campioni, selezionati in maniera ca-
suale, sui quali è stata eseguita l’analisi genotipica han-
no evidenziato la presenza di norovirus genogruppo II.
In conclusione, nel 2009 il norovirus (genogruppo 2) ha
colpito soprattutto i bambini nei primi 2 anni di vita ed
è stato osservato con maggior frequenza nei mesi di feb-
braio, maggio, luglio e settembre. In tali pazienti, è sta-
to generalmente necessario ricorrere a farmaci antieme-
tici, alla somministrazione per via endovenosa di liqui-
di ed elettroliti e all’ospedalizzazione.
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