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Introduction: Rotavirus infection is the most common cause of acute diarrhoea in all European countries. In contrast, norovirus 
aetiology is becoming more common in countries where rotavirus vaccination has become a standard practice. Aim: The aim 
of the paper was to assess the aetiology and the clinical course of acute gastroenteritis in children hospitalised in the Department 
of Paediatrics, Paediatric Nephrology and Allergology of the Military Institute of Medicine. Materials and methods: Medical 
records of children hospitalised in the Department of Paediatrics, Paediatric Nephrology and Allergology of the Military Institute 
of Medicine in Warsaw between January and December 2018 due to gastroenteritis were analysed retrospectively. The study 
group included children diagnosed with acute gastroenteritis who had microbiological stool analysis performed. Results: 
Gastroenteritis of unknown aetiology was diagnosed in 93/155 children, rotaviral aetiology in 37, adenoviral aetiology in 7, and 
noroviral aetiology in 5 children. Stool culture was positive for Salmonella spp. in 5 children. Furthermore, mixed aetiology was 
found in 8 children (rotavirus/adenovirus in 5, and rotavirus/norovirus in 3 children). Rotaviruses were the most common 
aetiology of gastroenteritis among children aged ≤2 years. Vomiting and diarrhoea were the only symptoms in 48 and  
40 children, respectively. The symptoms co-occurred in 67 children. Increased C-reactive protein (CRP) was found in patients 
with adenoviral aetiology and Salmonella spp. infection. We observed statistically more common low CRP levels and increased 
aminotransferase levels in patient with rotavirus infection. Conclusions: Rotaviruses were the most common aetiology of acute 
gastroenteritis in the study group. The clinical picture of rotavirus infection is dominated by vomiting and diarrhoea, which are 
relatively often accompanied by transient hypertransaminasemia.
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Wstęp: Najczęstszą przyczyną ostrej biegunki we wszystkich krajach europejskich jest zakażenie rotawirusowe. Natomiast w krajach, 
w których powszechne stały się szczepienia ochronne przeciw rotawirusom, częstsza staje się etiologia norowirusowa. Cel pracy: 
Celem pracy była ocena etiologii i przebiegu klinicznego ostrego nieżytu żołądkowo-jelitowego u dzieci hospitalizowanych w Klinice 
Pediatrii, Nefrologii i Alergologii Dziecięcej Wojskowego Instytutu Medycznego. Materiał i metody: Analizie retrospektywnej 
poddano dokumentację medyczną dzieci hospitalizowanych w Klinice Pediatrii, Nefrologii i Alergologii Dziecięcej Wojskowego 
Instytutu Medycznego w Warszawie w okresie od stycznia do grudnia 2018 roku z powodu nieżytu żołądkowo-jelitowego. Do grupy 
badanej kwalifikowano dzieci z rozpoznaniem ostrego nieżytu żołądkowo-jelitowego, u których wykonywano badania 
mikrobiologiczne kału. Wyniki: U 93/155 dzieci stwierdzono nieżyt żołądkowo-jelitowy o nieustalonej etiologii, u 37 – etiologię 
rotawirusową, u 7 – adenowirusową, u 5 – norowirusową. U 5 dzieci w posiewie kału wyhodowano Salmonella spp. Ponadto  
u 8 dzieci stwierdzono etiologię mieszaną (u 5 rotawirusową i adenowirusową, a u 3 – rotawirusową i norowirusową). Wśród dzieci 
do 2. roku życia najczęstszą etiologię nieżytu żołądkowo-jelitowego stanowiły rotawirusy. U 48 chorych jedynym objawem były 
wymioty, u 40 – biegunka, natomiast u 67 badanych objawy współwystępowały. Podwyższone stężenia białka C-reaktywnego (CRP) 
stwierdzano w przypadku zakażenia o etiologii adenowirusowej i w przypadku zakażenia bakteryjnego pałeczką Salmonella spp. 
Zaobserwowano, że w przypadku zakażenia rotawirusowego statystycznie częściej obserwowane są niższe wartości CRP i wyższe 
wartości aminotransferaz. Wnioski: Najczęstszym czynnikiem etiologicznym ostrego nieżytu żołądkowo-jelitowego w badanej 
grupie dzieci były rotawirusy. W obrazie klinicznym infekcji rotawirusowej dominują wymioty i biegunka, którym stosunkowo 
często towarzyszy przejściowa hipertransaminazemia.
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INTRODUCTION

Acute gastroenteritis is defined by the European So-
ciety for Paediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) and the European So-

ciety of Paediatric Infectious Diseases (ESPID) as a change 
in stool consistency to liquid or semi-liquid, and/or an in-
crease in frequency of bowel movements (three or more 
stools per day). Infectious diarrhoea is usually accompa-
nied by other symptoms, such as vomiting or fever. The du-
ration of acute diarrhoea is usually less than 7 days and not 
longer than 14 days(1,2).
According to ESPGHAN estimates, the incidence of acute 
diarrhoea in European children ≤3 years old is 0.5–2 epi-
sodes per year. Rotavirus, group A rotavirus in particular, is 
the most common cause of acute diarrhoea in all European 
countries (hospitalisation rates 7–81%). Peak incidence is 
observed between January and March. In contrast, norovi-
ral aetiology is becoming more common in countries where 
rotavirus vaccination has become a standard practice (hos-
pitalisation rates 10–15%). Viral aetiology of acute diar-
rhoea is significantly more common in infants compared 
to children >2 years of age(1–4).
Bacterial infections are less common and mainly detected in 
children >2 years of age. Most of these infections are caused 
by Salmonella spp. and Campylobacter spp. New cases are 
recorded throughout the year, with peak incidence in May, 
June, September, and October(1–4).
Also, infections caused by Clostridium difficile are increas-
ingly reported. This microbe, previously associated mainly 
with nosocomial infections treated with intensive antibiot-
ic therapy, is now also responsible for community-acquired 
infections in children. C. difficile is also the main cause of 
severe diarrhoea in some chronic diseases, such as inflam-
matory bowel diseases and cancer. Escherichia coli, Shigella 
spp., and Yersinia enterocolitica are the second most com-
mon cause of bacterial diarrhoea(1–4).
Parasitic or protozoal infections caused by Giardia lamblia 
and Cryptosporidium rarely cause acute diarrhoea in im-
munocompetent children. These infections are often as-
ymptomatic. Full-blown infections are usually seen in pa-
tients with immune deficiencies and those in developing  
countries(1–4).
The role of Candida in gastrointestinal infections is ques-
tionable. British studies showed that Candida does not 
cause diarrhoea in well-nourished children with no comor-
bidities(4,5).
According to the current ESPGHAN/ESPID recommenda-
tions, there is usually no need to determine the aetiology, 
which has generally no effects on the therapeutic manage-
ment. However, diagnostic microbiology may be consid-
ered in children with chronic diseases (e.g. cancer or in-
flammatory bowel diseases), patients in severe condition 
or those with prolonged symptoms, who require specific 
treatment. Faecal microbiology should be absolutely per-
formed during an epidemic, when pathogen identification 

and determination of the source of infection may be bene-
ficial for the general population. Determination of disease 
aetiology may be also very useful in children with severe, 
bloody diarrhoea or those returning from an exotic trip to 
high-risk regions(1,2).
The severity of the clinical symptoms of the disease de-
pends to a large extent on patient’s individual suscep-
tibility, the aetiology of the infection and patient’s age. 
Diarrhoea can be short-term and mild, but it may also 
lead to life-threatening severe water-electrolyte and  
acid-base disorders.
According to ESPGHAN/ESPID, there is no single clini-
cal feature that may suggest a bacterial vs. viral aetiology. 
However, high fever (>40°C), overt faecal blood, frequent 
low volume diarrhoea, abdominal pain and signs of cen-
tral nervous system involvement suggest bacterial infection. 
Vomiting and respiratory symptoms, on the other hand, are 
more commonly seen in viral infections. Acute rotavirus di-
arrhoea is characterised by the most severe course, a high-
er number of diarrhoeic episodes and longer duration with 
a tendency to persist(1,3).
The treatment of acute diarrhoea is based on the ad-
ministration of oral rehydration solution (ORS)  
(50–60 mmol/L). Absolute indications for inpatient in-
travenous fluid replacement include shock, dehydration 
with impaired consciousness or severe acidosis, worsen-
ing of dehydration or lack of improvement despite oral/
tube rehydration therapy, severe abdominal distension 
or gastrointestinal obstruction. Isotonic crystalloid flu-
ids, such as 0.9% NaCl or Ringer’s lactate solution, are 
used for intravenous fluid replacement. The rate of flu-
id administration depends on the severity of dehydration 
and the clinical status of the patient. Experts recommend 
rapid IV fluid infusion (3–6 hours), followed by resump-
tion of oral rehydration(1,3,6).
In the case of infants with the symptoms of acute infectious 
diarrhoea, breastfeeding should be continued throughout 
rehydration therapy. In older children, age-appropriate diet 
should be continued during or immediately after the initial 
rehydration phase(1,3,6).

AIM

The aim of the paper was to assess the aetiology and the 
clinical course of acute gastroenteritis in children hospital-
ised in the Department of Paediatrics, Paediatric Nephrol-
ogy and Allergology of the Military Institute of Medicine 
in 2018.

MATERIALS AND METHODS

We retrospectively analysed medical records of children 
hospitalised in the Department of Paediatrics, Paediatric 
Nephrology and Allergology of the Military Institute of 
Medicine between January and December 2018 due to gas-
troenteritis.
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We assessed medical histories of children hospitalised in the 
Department in 2018. Children diagnosed with acute gastro-
enteritis who had microbiological stool analysis for rota-, 
adeno- and norovirus antigens as well as faecal culture for 
Salmonella spp., Shigella spp. and Yersinia spp. performed 
were included in the study group. Ultimately, 155 children 
(84 girls and 71 boys) were qualified for the analysis, which 
accounted for 7% of all hospitalisations.
We performed a detailed analysis of data on the aetiol-
ogy of gastroenteritis and laboratory parameters [white 
blood cell count, C-reactive protein (CRP), sodium and 
potassium levels, transaminase activity, capillary blood 
pH and base deficit in capillary blood]. We also consid-
ered symptoms due to which the patients reported to the 
Department.
The obtained data were analysed statistically using Sta-
tistica 12.0 software. A preliminary verification of data 
using a distribution normality plot was performed be-
fore the analysis. Final verification was performed using 
the Kolmogorov–Smirnov and Lilliefors normality test.  
Considering the lack of compliance with normal 

distribution for selected variables, non-parametric tests 
that did not require normal distribution were used for 
statistical analysis in these cases. Student’s t-test was used 
to evaluate variables with normal distribution. For cor-
relation analysis, the Spearman rank coefficient was cal-
culated for variables without a normal distribution, and 
Pearson’s linear correlation coefficient was used for vari-
ables with a normal distribution. A p-value <0.05 was 
considered statistically significant.

RESULTS

Age

The median age in the study group was 2 years  
(Q25 – 1, Q75 – 4). Most children were aged ≤2 years 
(91/155). A detailed analysis of the age distribution is 
shown in Fig. 1.

Aetiology

Gastroenteritis of unknown aetiology was diagnosed in  
93 children. Rotaviral, adenoviral and noroviral aetiology 
was identified in 37, 7, and 5 patients, respectively. Faecal 
culture positive for Salmonella spp. was reported for 5 chil-
dren. Furthermore, mixed aetiology (rotaviral/adenoviral 
in 5, and rotaviral/noroviral in 3 patients) was identified in 
8 children (Fig. 2).
Rotaviruses were the most common aetiology of gastroen-
teritis in children ≤2 years of age (Tab. 1).

Symptoms

Vomiting was the only symptom in 48 patients, diarrhoea in 
40 patients, whereas 67 children presented with both these 
symptoms (Fig. 3).

Fig. 1.  An analysis of the age distribution in children hospital-
ised for gastroenteritis
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Fig. 2.  Aetiology of gastroenteritis in children hospitalised in the 
Department of Paediatrics, Paediatric Nephrology and 
Allergology in 2018

Aetiology Number Cumulative 
number Percentage Cumulative 

percentage
≤2 years

Unknown 49 49 54 54 
Rotavirus 27 76 30 84
Adenovirus 4 80 4 88
Norovirus 4 84 4 92
Salmonella 1 84 1 93
Mixed 6 91 7 100

>2 years
Unknown 44 44 69 69
Rotavirus 10 54 16 84
Adenovirus 3 57 5 89
Norovirus 1 58 2 91
Salmonella 4 62 6 97
Mixed 2 64 3 100

Tab. 1.  The aetiology of gastroenteritis depending on age (in chil-
dren aged ≤2 years and >2 years)
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6% among children >2 years of age. The aetiology of acute 
gastroenteritis could not be determined in a large propor-
tion of patients in both groups (54% of children ≤2 years 
of age and 69% of children >2 years of age). These cas-
es could be caused by viral, bacterial or parasitic agents. 
Since the introduction of molecular biology techniques 
[polymerase chain reaction (PCR), reverse-transcription 
polymerase chain reaction (RT-PCR)] in the late 1990s, 
multiple pathogens responsible for acute diarrhoea have 
been identified(12). However, not all diagnostic techniques 
are widely used in Poland, mainly for financial reasons, 

Biochemical parameters
The values of the analysed biochemical parameters are 
shown in Tab. 2.
Increased CRP is detected in adenoviral and Salmonella 
spp. infections (Fig. 4).
Considering the most common aetiology of gastroenteritis, 
i.e. rotaviral and adenoviral, it was found that lower CRP 
levels and higher aminotransferase levels were statistically 
more common in rotaviral infections (Figs. 5–7).

DISCUSSION

Acute gastroenteritis is one of the most common health 
problems in infants and small children. It is the second 
most common cause of hospital admissions to general pae-
diatric units after pneumonia(7). It is estimated that up to 
one in five children are admitted to hospital due to acute 
gastroenteritis(8,9). However, these rates were lower in our 
research, i.e. 7% of all hospital admissions, which is proba-
bly due the fact that in addition to general paediatrics, our 
Department is also involved in specialised diagnosis.
The pathogenesis of acute diarrhoea differs depending 
on the latitude and the economic status of a given region.  
Parasitic and bacterial diarrhoeas are more common in 
developing vs developed countries(10). However, it is esti-
mated that viral infections are the main cause of acute gas-
troenteritis in children globally, accounting for about 70% 
of all cases(11). In our study, bacterial infections accounted 
for only 1% of cases among children ≤2 years of age and 

Vomiting + diarrhoea
43%

Diarrhoea
26%

Vomiting
31%

Fig. 3.  Symptoms at admission

Variable Unknown aetiology Rotavirus Adenovirus Norovirus Salmonella
CRP [mg/dl] (median, q25–q75) 3.8 (0.2–9.8) 0.2 (0.1–0.7) 3.8 (0.2–9.8) 0.3 (0.3–0.5) 4.4 (4.4–4.7)

WBC [×109/µl] (median, q25–q75) 13.1 (10.4–15.9) 8.6 (7.5–12.3) 13.1 (10.4–15.9) 6.6 (6.2–9.4) 7.7 (6.9–15.3)

AST [U/l] (median, q25–q75) 38.5 (28.0–44.0) 58.0 (34.6–75.8) 38.5 (28.0–44.0) 61.0 (40.0–61.0) 26.0 (25.0–29.0)

ALT [U/l] (median, q25–q75) 14.0 (11.0–20.0) 30.0 (22.0–38.0) 14.0 (11.0–20.0) 20.5 (12.0–39.0) 14.0 (13.0–17.0)

pH (median, q25–q75) 7.4 (7.4–7.5) 7.4 (7.3–7.4) 7.4 (7.4–7.5) 7.3 (7.3–7.4) 7.4 (7.4–7.5)

Na [mmol/l] (median, q25–q75) 139.0 (137.0–141.0) 138.0 (135.0–139.0) 138.0 (13.60–140.0) 141.0 (138.0–142.0) 137.0 (133.0–137.0)

K [mmol/l] (median, q25–q75) 4.5 (4.2–4.7) 4.3 (4.2–4.9) 4.4 (4.2–4.5) 4.6 (4.4–5.0) 4.2 (3.8–4.6)
CRP – C-reactive protein; WBC – white blood cells; AST – aspartate transaminase; ALT – alanine transaminase; Na – sodium; K – potassium.

Tab. 2.  Analysed biochemical parameters in children
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Fig. 4.  C-reactive protein levels depending on the aetiology of 
gastroenteritis
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Fig. 5.  CRP levels in rotaviral and adenoviral infection
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which may account for the high incidence of infections of 
unknown aetiology.
Children aged ≤2 years dominated in the study group, 
which is most likely due to gastrointestinal immaturity, 
especially in infancy. In the first year of life, only small 
amounts of hydrochloric acid and digestive enzymes are 
secreted in the stomach, and the mucous membrane is del-
icate and susceptible to infections. Intestinal mucosa also 
shows low enzymatic activity and increased permeability, 
which promotes diarrhoea(13).
It should be noted that the risk group for acute diarrhoea 
primarily includes malnourished, formula-fed and prema-
turely born children(14).
In our study, rotaviral infections were the most com-
mon cause of acute gastroenteritis in children ≤2 years of 
age, accounting for 30% of all cases. Although slightly low-
er rates were reported for older children (16%), this was still 
the leading cause of acute gastroenteritis in children aged  
>2 years. Similar results were obtained by German researchers, 
who analysed hospital admissions for acute diarrhoea in chil-
dren aged between 0 and 10 years over a 6-year period. They 
showed that rotavirus, which accounted for nearly 30% of all 
cases, was the most common pathogen in this age group(15).  

A similar tendency is observed in Poland; according to the  
National Institute of Public Health – National Institute of Hy-
giene, rotaviral infection is the most common aetiology of acute 
diarrhoea in each age group(3).
Laboratory findings for acute gastroenteritis vary depending 
on the aetiology. Our study showed significantly higher CRP 
levels in adenoviral vs. rotaviral infections. A reverse trend 
was observed for hepatic transaminase levels – increased se-
rum aspartate transaminase (AST) and alanine transaminase 
(ALT) levels were observed in rotaviral infections. Similar 
observations were presented by Salamon-Słowińska, who 
analysed cases of acute diarrhoea in children <5 years of age.  
Observations in a group of 534 children hospitalised in one 
of hospitals in Poznań due to acute viral diarrhoea showed 
lower mean CRP and higher hepatic transaminases in ro-
taviral infections compared to other pathogens (including 
bacteria)(16).
Elevated hepatic transaminases in rotaviral gastroenteri-
tis in our study correspond with the reports of many other 
researchers(7,17,18), and may indicate viral transmission not 
only through the gastrointestinal tract, but also through 
blood, leading to the involvement of other organs, such as 
the liver. In their experimental study, Crawford et al. ob-
served histological lesions in the liver and lungs of rats 
infected with rotavirus, which indicates involvement of 
these organs(19). However, it should be emphasised that 
hypertransaminasemia associated with rotaviral infection 
is generally transient and is not accompanied by signs of 
liver damage(20).
The clinical course of gastroenteritis differs depending on 
the age of patients. In our study, children ≤2 years of age 
developed both diarrhoea and vomiting, whereas vomiting 
was the dominant symptom in older children. No electro-
lyte disturbances or significant or acid-base imbalances were 
seen in the course of infections in our centre, which may 
be due to the rapid implementation of appropriate therapy.  
However, it should be remembered that in addition to the 
most common symptoms such as diarrhoea or vomiting, 
rotaviral acute gastroenteritis can cause severe extraintes-
tinal complications, such as convulsions and myositis(21,22).  
It is worth emphasising that vaccinations, which protect es-
pecially against severe infection, are the most effective form 
of preventing rotaviral infections. However, vaccination cov-
erage for infants is still low in Poland, i.e. 5–10%(23).

CONCLUSIONS

Rotaviruses were the most common aetiology in the total 
study group. The clinical picture of rotaviral infection was 
dominated by vomiting and diarrhoea, accompanied by 
transient hypertransaminasemia.
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